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General introduction

GE NE R AL  iNTRODUCTiON
Falls and falls prevention
Falling is a major health care problem. Approximately one third of community 
dwelling elderly persons fall at least once a year,1-3 with a fall incidence estimated 
to be 0.65 falls/person year.245 Of these falls 5% result in fractures6 and in 20% 
medical attention is needed.7 About 90% of all hip fractures are caused by falls.8 
Furthermore, falls have psychosocial consequences such as increased fear of 
falling and loss of independence.6,910
At the moment, 2.4 of the 16.6 million inhabitants in the Netherlands 
are 65 years or older. Each year 95,000 elderly persons visit the emergency 
department of a hospital and 37,000 persons are hospitalized as a result of a fall. 
Falls are one of the main causes of death in elderly persons, accounting for 1900 
deaths per year. Besides physical injuries and psychosocial consequences, falls 
also account for high costs for the society. In the Netherlands, the direct medical 
costs for fall incidents in elderly persons are estimated to be 690 million. The 
direct medical costs of injuries caused by a fall in an elderly person are 6,800 
on average. [Consument en Veiligheid, CBS] In the USA the mean costs of such 
falls have been estimated to be $3.476 per faller to $10,749 per injurious fall and 
$26,483 per fall requiring hospitalization. Annually in the USA the total costs of 
falls and fall-related injuries are likely to be in the vicinity of nine billion dollars.11
Since the number of elderly persons within society is increasing and 
because of the high frequency and the serious consequences of these falls, many 
interventions have been developed. Previous studies have shown that exercise 
programs are the most effective single intervention in reducing falls.1213 In recent 
reviews it has been demonstrated that multi-modal group exercise programs 
in particular are effective to reduce the rate of falls and fall risk if the program 
includes two or more of the following exercise components: strength, balance, 
flexibility and endurance.1415
Most falls prevention programs are designed for the general community 
dwelling elderly. However, several patient categories are more likely to fall 
than the community dwelling elderly persons for whom these programs have 
been developed. One such patient category consists of persons with rheumatic 
diseases who present several features that might contribute to a higher risk of
3
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falling and fall related injuries. This thesis focuses on risk factors and preventive 
strategies for falls in persons with rheumatic diseases, specifically those with 
osteoporosis and Rheumatoid Arthritis (RA).
Falls in rheumatic diseases
More than 200 rheumatic diseases have been identified with osteoporosis 
and RA being two of the most common rheumatic diseases. Both diseases 
are associated with falling because of changes in mobility related to impaired 
balance and physical performance. Furthermore, because of diminished bone 
strength the risk for fall related fractures is high in these patient categories.
Osteoporosis
Osteoporosis is a disease which is characterized by a decrease in bone mass 
density and a disruption of the normal trabecular architecture which reduces 
bone strength. The estimated prevalence of osteoporosis in the Netherlands is 
5% in men and 17% in women aged 55 and over.16 This is comparable with the 
prevalence of osteoporosis in the USA.17 It is estimated that one in two women 
and one in five men aged 50 years will have an osteoporotic fracture in their 
remaining lifetime.18
Osteoporosis is associated with changes in balance and physical 
performance and has psychosocial consequences that may further add to the 
risk of falling and the risk of fractures.19-25 A recent, retrospective, study showed 
that the presence of osteoporosis increased the risk of falling by a factor of 
2.17.26 Moreover, because of their diminished bone strength, persons with 
osteoporosis have a higher risk of fall-related fractures, particularly at the hips, 
wrists and vertebrae.27
Until now treatment of osteoporosis, in an attempt to prevent fractures, 
has mainly focused on pharmaceutical interventions, mostly bisphosphonates. 
Bisphosphonates have shown to be a safe and effective treatment to reduce 
the risk of fractures,28 but compliance with this medication is often low.2930 In 
a recent evaluation by the International Osteoporosis Foundation (IOF) it was 
shown that nine out of ten persons did not endorse the importance of their
4
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treatment and 50% was not compliant.31 Aside from medication, exercise 
interventions designed to maintain or increase bone mineral density (BMD) have 
been suggested to reduce the number of fractures.32-35 However, since falls are 
the leading cause of fractures and several factors contribute to an increased risk 
of falling in persons with osteoporosis, falls prevention programs for persons 
with osteoporosis can also be expected to be beneficial.3637
In most falls prevention programs, persons with osteoporosis are either 
excluded or no special attention is given to them. Only a few studies could be 
identified that directly investigated the efficacy of falls prevention programs in 
persons with osteoporosis. These studies reported improvement of balance, 
mobility and fall risk score as well as a reduction in fall rates during the 
intervention. However, none of these long-term interventions (25 weeks to 30 
months) measured the efficacy of the program using a prospective assessment 
of fall rates after the intervention had ended.38-40 Furthermore, these studies 
have shown that not all falls can be prevented. Therefore, it is important that 
fall techniques are taught that reduce the risk of injuries in the event of a fall. 
Fall techniques that are based on martial arts are known to diminish the impact 
force on the hips during a sideways fall, and they can be learned and performed 
by elderly persons.41-43 There is a need to evaluate a short-term falls prevention 
program which includes training of fall techniques specifically designed for 
persons with osteoporosis. Moreover, the fall rate of the participants needs to 
be measured prospectively after the program has ended. In this way it can be 
shown whether the program remains effective for a longer period of time.
Rheumatoid Arthritis
RA is a chronic inflammatory autoimmune disease that primarily affects the 
peripheral joints (finger joints, wrists, toes and knees) and the surrounding 
muscles, tendons, ligaments and blood vessels. Major complaints are pain and 
swelling in the affected joints, stiffness, fatigue and joint destruction.4445 The 
etiology of RA is still unknown but several genetic and environmental factors 
have been suggested to contribute to its occurrence and severity.46-48 The 
prevalence of RA in Northern Europe and North America is estimated to be 0.5 
to 1% in adults.49-51
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RA is associated with diminished strength and proprioception, reduced 
postural stability and higher pain levels, all of which are potential risk factors for 
falls.44'5253 Furthermore, almost all persons with RA develop functional limitations 
in the lower extremities, which are associated with altered gait patterns. In 
general, persons with RA walk slower, have a shorter stride length, an increased 
double stance duration, and a decreased range of motion in the foot.54-56 Their 
gait becomes more shuffled instead of the heel-to-toe-roll-over pattern.56 This 
change in gait may further contribute to an increased risk of tripping over 
obstacles. Additionally, it is known that persons with RA often have lower bone 
mineral density which leads to an increased risk of fractures in the event of a 
fall.4458
Some retrospective studies investigated the problem of falling in persons 
with RA and showed that the number of fallers in adult RA patients is as high 
as in the general elderly population,52,59 with one out of three persons falling at 
least once a year.3 A disadvantage of retrospective studies is that these methods 
are likely to underestimate the problem of falling because fall incidents might 
be forgotten.60 The Prevention of Falls Network Europe (ProFaNE) recommends 
prospectively measuring falls by using fall calendars.61 Therefore, there is a 
need to prospectively measure fall incidence in persons with RA to investigate 
the extent of this problem. Furthermore, the specific risk factors for falling in 
this population should be identified to enable the development of effective 
preventive approaches.
Obstacle avoidance
Most falls occur in and around the house. Almost 90% of falls occur during 
movement, and approximately 59% are caused by trips and slips during 
walking.462-64 These trips are often provoked by an external obstacle.4 Since 
modifications of home hazards as a single intervention to prevent falls has shown 
to be ineffective,6566 focus should be on the responses to common perturbations 
that cause falls, in particular obstacle avoidance.
It has been shown that elderly persons are less successful in avoiding 
obstacles as compared to younger persons,6768 and this ability further deteriorates
6
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with age, parallel to an increased risk of falls in daily life68.Furthermore, it has 
been shown that older recurrent fallers are less successful in avoiding obstacles 
than non-fallers.68 In addition, in various patient categories (stroke patients, 
osteoarthritis and persons with lower leg amputation) obstacle avoidance under 
time pressure emphasizes disease specific problems.69-71
To better understand the underlying mechanisms of falls in patients 
with osteoporosis and RA, obstacle avoidance performance will be studied 
in these patient categories. Insight into the mechanism of obstacle avoidance 
performance might be useful to obtain more information related to potential fall 
risk factors and to be able to design appropriate fall preventive strategies for 
persons with osteoporosis and RA.
Objectives of this thesis
The main objective of this thesis was to investigate the problem of falling and 
prevention of falls in persons with rheumatic diseases, specifically persons 
with osteoporosis and RA. For these two forms of rheumatic diseases, two of 
the most prevalent rheumatic diseases a better understanding of falls and the 
development of preventive strategies is important as an increased fall risk and 
fall rates have been found for these conditions.
The topics of this thesis are
- The development and evaluation of a falls prevention program for 
persons with osteoporosis and to investigate fall risks in this population.
- Determining the extent of the problem of falling in persons with RA and 
investigate possible risk factors that contribute to these falls.
The findings of these studies may lead to a better understanding of the reasons 
why persons with osteoporosis and RA fall, and more understanding of what 
can be done to reduce their fall risk. Hopefully it will also create more awareness 
of the problem of falling in persons with rheumatic diseases and those persons 
working in healthcare who treat them.
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Outline of this thesis
The objectives of this thesis are addressed in the different chapters. In Chapter 
2 a literature review is given for exercise interventions, which are designed to 
reduce (risk factors of) falls and fractures for individuals with low BMD.
Chapter 3 describes the study in which it was investigated whether the 
training of fall techniques, which is an element of the Nijmegen Falls Prevention 
Program (NFPP), was safe for persons with osteoporosis. In these techniques, 
which are based on martial arts, it is important that a fall will be converted into 
a rolling movement. Specific characteristics of these fall techniques are the 
rotation and curving of the trunk, head protection by neck flexion and the use of 
the arm to break the fall.41 All the exercises from the training of fall techniques 
were performed by young adults and their maximum hip impact forces were 
compared to two safety criteria based on the threshold for femoral fracture, 
known from the literature, and on data collected on the protective effects of a 
hip protector.
Chapter 4 describes the development of the Nijmegen Falls Prevention 
Program (NFPP) for persons with osteoporosis. As a starting point for this falls 
prevention program for persons with osteoporosis the existing NFPP was used. 
This program has been shown to be effective in reducing the number of falls 
as well as improving balance confidence and obstacle avoidance skills.72 In 
this chapter the content of the modified NFPP for persons with osteoporosis is 
described in detail, and reasons for the adaptation of original elements and the 
inclusion of extra elements, specific for persons with osteoporosis are elucidated.
Chapter 5 describes the design and outcomes of the Randomized 
Controlled Trial (RCT) to assess the efficacy of the NFPP for persons with 
osteoporosis. The main outcome measure for that study was fall incidence, which 
was prospectively measured for one year. Furthermore, balance confidence, 
quality of life and activity level were compared between the exercise and control 
groups.
In Chapter 6 obstacle avoidance performance in persons with 
osteoporosis is compared to that of healthy controls. Obstacle avoidance 
performance was measured while the participants walked on a treadmill at a
8
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fixed velocity of 3 km/u. An obstacle could be released at different moments in 
the gait cycle to increase the task's level of difficulty by increasing time pressure. 
The performance was quantified by determining success rates and avoidance 
strategies which were compared between the two groups.
The influence of the NFPP for persons with osteoporosis on obstacle 
avoidance performance is described in Chapter 7. The same experimental set­
up was used as described in Chapter 6. Obstacle avoidance performance was 
measured three times: within four weeks before commencement of the program, 
within four weeks after the end of the program and at one year follow up. The 
success rates were compared between the exercise and control groups.
The investigation of fall incidence and fall risk factors in persons with 
RA is presented in Chapter 8. The fall incidents for one year were prospectively 
assessed by means of monthly fall registration calendars. In addition, all 
participants had completed a fall risk assessment at the start of the study. The 
results for the fallers and non-fallers were compared to gain more insight into 
potential risk factors for falls in patients with RA.
Since it was hypothesized that a deteriorated obstacle avoidance 
performance might contribute to higher fall incidence, 12 persons with RA, as 
well as 12 age and gender matched controls, performed the obstacle avoidance 
task as described in Chapter 6 and 7. Their results are described in Chapter 9.
Chapter 10 studies reaction time and movement time in persons with RA 
in comparison to healthy age and gender matched controls. Since falling mostly 
occurs during walking, reaction time and movement time in the lower extremities 
was conducted using a step reaction time test. For this test the participants stood 
on a force plate. The instructions were to step as quickly as possible onto a 
second force plate after a visual cue was given.
Finally, in Chapter 11 the main findings and conclusions of this thesis are 
discussed and recommendations for future research are provided.
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Introduction
Osteoporosis is a common disease of which the prevalence increases with age. 
The estimated prevalence of osteoporosis in the Netherlands is 5.2% in men and 
16.6% in women of 55 years and older.1 In the USA, the estimated prevalence 
of osteoporosis is 13-18% in women of 50 years and older and 1-6% in men 
of the same age.2 Osteoporosis is associated with an increased fracture risk. 
Especially fractures of the hip, the wrist and vertebrae are considered as typical 
osteoporotic fractures. However, almost all kind of fractures are more common 
in individuals with osteoporosis.3 The consequences of fractures can be serious. 
Hip fractures are associated with high mortality rates (33% within the first year) 
and increased morbidity.4,5 For example, loss of independence in activities of 
daily life (ADL) and impaired walking ability are common consequences of hip 
fractures. Vertebral fractures are associated with height loss, kyphosis or back 
pain, and impairment of ADL-activities. Although the consequences of wrist 
fractures seem to be less serious, functional ability can still be adversely affected 
after 6 months.3
Several high quality studies have shown that exercise interventions 
can successfully maintain or increase bone mineral density (BMD),6-9 which is 
expected to reduce fracture risk. However, most fractures in older individuals are 
the result of an accidental fall, such as a trip or a slip.10 Furthermore, it has been 
shown that falls and fall-related risk factors contribute to fracture risk, e.g.11-13 
Therefore, reduction of fall incidence is important for fracture prevention as well. 
This notion was recently emphasized by Jarvinen and co-workers in their paper 
'Shifting the focus in fracture prevention from osteoporosis to falls'.14 Exercise 
interventions have been repeatedly shown to be successful in the reduction of fall 
incidence.15-18 Furthermore, a more active lifestyle is associated with a reduced 
hip fracture risk in older women.19 Therefore, exercise interventions for patients 
with osteoporosis should focus on both the reduction of fall risk and the increase 
in BMD. Because mobility impairments, such as reduced balance and muscle 
strength, are risk factors for falls and fractures, exercise interventions for falls 
prevention should at least focus on improving balance and muscle strength.2021
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In healthy populations it has been shown that both balance and muscle strength 
can be improved with exercise interventions.2223
In individuals with osteoporosis, strategies to prevent falls and fall-related 
fractures are even more important than in healthy individuals. For instance, it 
has been shown that older women with osteoporosis have decreased balance 
and muscle strength compared to age-matched individuals and can thus be 
considered at higher risk for falling.24 Consequently, an increased fall risk may 
contribute to the increased fracture risk in individuals with osteoporosis, apart 
from the reduced BMD.
Although there is evidence for the effectiveness of exercise interventions 
in the prevention of falls in healthy populations, the effectiveness of such 
interventions in populations with osteoporosis is less intensively studied. As a 
result, exercise recommendations for individuals with osteoporosis are for the 
most part based on studies in healthy populations.2526 However, responses to 
exercise may differ between patients with osteoporosis and healthy individuals. 
For instance, the response of osteoporotic bone to mechanical stimuli differs 
from the response in healthy bone.27 The response to balance and strengthening 
exercises may also be different in patients with osteoporosis, since both balance 
and muscle strength are reduced in these patients.24
Since patients with osteoporosis may have an altered response to 
exercise, recommendations on exercise for prevention of falls and fall-related 
fractures for this group should be based on trials conducted in groups with low 
BMD (osteoporosis or osteopenia). However, evidence for these populations is 
limited. As far as the authors know no systematic reviews in the English literature 
investigating the effectiveness of exercise programs in the reduction of falls and 
fractures and risk factors for falls and fractures have focused on individuals with 
low BMD as a separate group. Therefore, the purpose of this systematic review 
was to investigate the effectiveness of exercise interventions in the reduction 
of falls, fall-related fractures, and risk factors for falls and fractures, such as 
reduced muscle strength, balance and BMD, in individuals with osteoporosis or 
osteopenia.
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Methods
Study selection
The first randomized controlled trial to investigate the effect of physical activity in 
women with BMD below a preset threshold was published in 1996.28 Therefore, a 
literature search was conducted over the period between 1996 and June 2008 in 
the databases of Medline, Embase and CINAHL. The following MeSH terms were 
used in Medline: Osteoporosis, Osteoporosis Postmenopausal, Postmenopause, 
Bone Density, Accidental Falls, Muscle Strength, Musculoskeletal Equilibrium, 
Fractures Bone (and other fracture terms), Exercise, Exercise Movement 
Techniques, Exercise Therapy, and Sports. For the Embase and CINAHL the same 
terms were used if possible. For terms that were not defined in those databases, 
equivalent terms were used. Moreover, reference lists from the included studies 
were checked and author's names were searched for additional studies. Studies 
were included when they met the following criteria:
- The paper was written in English
- The study was described as a randomized controlled trial (RCT)
- Participants were diagnosed with a low BMD (osteoporosis or osteopenia) 
or with vertebral fractures
- The study population did not only consist of patients with low BMD due 
to underlying diseases such as heart transplant patients
- The group with the exercise intervention was compared to a sedentary 
control group, a control group with another exercise intervention, or 
sham intervention or a control group with a non-exercise intervention. 
Studies comparing the exercise intervention with a pharmacological 
intervention only were not included
Data abstraction and quality assessment
Methodological quality of the RCT's was assessed with the instrument of Jadad 
et al.29 and with the PEDro scale. With the Jadad score a maximum of five 
points can be assigned to a study for randomization (2), double blinding (2), 
and description of withdrawals (1). The PEDro scale consists of ten items and 
includes randomization and allocation (2), blinding (3), baseline comparability
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I(1), and data analysis and presentation (4). Two investigators independently 
assessed the methodological quality of the studies with both the Jadad score 
and the PEDro scale. For the PEDro scale, ratings are also available on the 
PEDro website (http://www.pedro.fhs.usyd.edu.au/). The investigator checked 
the website after the assessments. In case of disagreement between the two 
investigators or between the investigators and the ratings on the website the 
assessments were discussed to achieve consensus between the investigators.
Descriptive data of the studies included 1) participants; 2) type of 
activity, duration, frequency, and intensity of the exercise intervention 3) relevant 
outcome measures and outcomes. For balance, outcome measures were very 
diverse. Therefore, performance measures for balance, such as the Berg Balance 
Scale and Timed Up & Go test were distinguished from balance measured with 
posturography.
Results
Study selection
The search strategy yielded 1,369 publications (Figure 1). The majority of the 
studies were excluded because they were non-intervention studies such as 
reviews or cross-sectional studies (n = 1,079). Important reasons for excluding 
intervention studies were that they were not randomized (n = 66) and that the 
study population did not meet our criteria (n = 77). Of the 1,369 publications, 23 
met the inclusion criteria. Five additional publications were found by checking 
reference lists and author's names and by searching related articles. All 28 
included publications were RCT's. From three RCT's there were two publications 
with different times of follow-up.30-35 From two RCT's the two publications 
described different outcome measures.36-39 Two of the three publications of the 
RCT of Liu-Ambrose et al.40, 41 described different outcome measures and another 
publication described the post- intervention follow-up.42
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Figure 1: Study selection. 
The flow -chart shows the 
in- and exclusion o f the 
publications used in this 
study.
*Studies excluded because outcome 
measures were not relevant or 
because both groups received the 
same exercise intervention and 
were randomized for another type of 
intervention
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CHAPTER 2
Methodological quality
A summary of the Jadad and PEDro scores is given in Figure 2. Jadad scores 
of 2 and 3 were most common. Since double blinding is almost impossible for 
exercise interventions, 4 or 5 points were never given. Similarly, the highest 
possible PEDro score was 8, because blinding of the therapist and participants is 
hardly possible for this type of study. Taking this into account, the methodological 
quality of the studies was quite good. Half of the studies (50%) had the highest 
possible Jadad score and a minority of the studies (18%) had 0 or 1 point. In 
addition, the majority of the studies had a PEDro score of at least 5 (82%), where 
8 points was the highest possible score. Table 1 presents the individual PEDro 
items with the number of publications that was given points for each item. In 
most of the studies the criteria random allocation (89%), baseline comparability 
(86%), between-group statistics (96%), and the report of point estimates and 
variability (96%) were satisfied. Concealment of allocation was correctly done 
in a minority of the studies (29%). The criteria blinding of assessors (57%), 
adequate follow-up (61%) and intention-to-treat analysis (43%) were satisfied 
in about half of the studies. Table 2 presents the outcomes and methodological 
quality of the individual studies.
Figure 2: Methodological quality o f the included studies. Because blinding of 
participants and therapists is not feasible fo r exercise interventions, the maximal 
Jadad-Score is 3 and the maximal PEDro-Score is 8.
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Table 1: PEDro-Score of the publications (n = 28)
Item Number of publications which 
satisfied criterion (%)
Eglib ility criteria 24 (86%)
Random allocation 25 (89%)
Concealment o f allocation 8 (29%)
Baseline com parability 24 (86%)
Blinding of participants 0 (0%)
Blinding of therapist 0 (0%)
Blinding of assessors 16 (57%)
Adequate fo llow -up 17 (61%)
Intention-to-treat analysis 12 (43%)
Between-group comparisons 27 (96%)
Point estimates and variance 27 (96%)
Effects of exercise on fall and fracture risk
In one RCT, the number of fall-related fractures was a direct outcome measure.36 
The intervention consisted of impact exercise, strengthening exercise and balance 
training and had duration of 30 months. Although fall and fracture incidence 
were not the primary outcome measures in this study, there were significantly 
less fall-related fractures (6 vs 16) in the experimental group (n = 84) compared 
to the control group (n = 76) during the 30-month study period (p=0.019, not 
Bonferroni corrected). Surprisingly, fall incidence was not significantly different 
between the groups (88 vs 101 falls in the experimental vs control group 
respectively, p=0.10).
In another RCT, an intervention with balance exercise resulted in a 
reduced fall incidence in the experimental group compared to controls (-0.77 
vs +0.03 falls/patient; -64.2% vs +3.4%).43 One pilot study with 24 participants 
reported an 89% reduction in falls in the experimental group compared to a 
20% increase in controls,44 but this reduction was not statistically tested. Two 
other RCT's reported the number of falls during the intervention period as a 
descriptive variable w ithout a statistical analysis.4045
Liu-Ambrose et al. investigated the effects of resistance training and 
agility training on indirectly estimated fall risk, measured with the Physiological
21
IProfile Assessment (PPA). Both interventions showed a reduction of fall risk 
compared to the control stretching group.40
Only one RCT investigated the effect of a 6-month training program on 
vertebral height loss, which is a clinical sign of vertebral fracture, in osteoporotic 
women with prevalent vertebral fractures.39 The exercise program was home- 
based and included strengthening and weight-bearing aerobic exercise. In the 
control group there was a reduction of vertebral height at the mid-location of 
the vertebrae, while no reduction in the experimental group was found. The 
difference between the groups was not significant.
Effects of exercise on BMD and other measures for bone strength
The effect of an exercise intervention on BMD or bone strength was assessed 
in 11 RCT's,28'32’35'37'38'41'44’48 of which ten RCT's compared an exercise group with 
an inactive control group or a sham intervention.28'32'33'37'38'41'44’48 In four of these 
RCT's, the duration of the intervention was less than a year.38414448 Of these four 
RCT's only Liu-Ambrose et al. found positive effects on cortical bone density in 
participants with osteoporosis and osteopenia. Two exercise interventions were 
compared to a sham-intervention (stretching). It was concluded that resistance 
training had a positive effect on the cortical bone density of the radius compared 
to the agility training group (+1.4% vs -0.4%). In addition, agility training 
increased cortical bone density of the tibia compared to the control group 
(+0.5% vs -0.4%).41
The other RCT's evaluating the effect of exercise on BMD or bone 
strength had interventions of 1 year or longer.2832-3645-47 In one RCT, an intervention 
containing high-impact exercise was compared to a control group w ithout an 
exercise intervention.36 After 30 months bone mineral content (BMC) of the 
trochanter was decreased less in the intervention group (-2.9%) compared to 
the control group (-7.7%). No effects were found on BMD and BMC of other 
hip regions and on trochanteric or radial BMD. In RCT's where the program 
contained aerobic exercise and strengthening exercises, and where part of 
the exercises were weight-bearing, positive effects were found on BMD in 
participants with osteoporosis or osteopenia.28323346 However, the results for 
separate BMD sites were not entirely consistent. For instance, positive effects on
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femoral BMD were reported by Bergstrom et al. (+0.6% vs -0.4%),46 but not by 
Bravo et al.28 Furthermore, positive effects on the lumbar spine were reported by 
Bravo et al. (+0.5% vs -1.3%) and Iwamoto et al. (+4.5% vs +1.0%) 283233 and 
not by Bergstrom et al.46 One year of vibration training had no effect on lumbar 
spine BMD of participants with osteoporosis.45 Hans et al. studied the effects 
of an intervention in which heel drops were performed in participants with 
osteoporosis and osteopenia.47 Participants were divided in three groups. Two 
groups performed heel drops on a home-device, while impact was monitored. 
One of those groups (experimental group) was instructed to increase the impact 
25-50% above resting level and the other group was instructed not to increase 
impact above resting level during the heel drops. A third group served as an 
inactive control group. No differences were found for BMD at the total hip or 
in a sub-region. However, more participants in the experimental group gained 
or maintained site-specific BMD than participants in the other groups (75% vs 
62%). No p-values were presented for this outcome.
In one RCT different exercise programs were compared to each other, 
but not to an inactive control group.3435 A program with strength training 
(low movement velocity) was compared to a program with power training 
(high movement velocity) in pre-trained women previously diagnosed with 
osteopenia.3435 One year power training had favorable effects on BMD of the total 
hip (0.0% vs -1.2%), intertrochanter region (+0.1% vs -1.4%) and lumbar spine 
(+0.7% vs -0.9%) compared to strength training.34 After 2 years there was only 
a between-group difference for BMD (-0.3% vs -2.4%) and bone area (+0.4% vs 
-0.9%) at the lumbar spine in favour of the power training.35
Effects of exercise on measures for mobility
The following section will present the results from RCT's investigating the 
effect of exercise on measures for mobility. These measures include 1) muscle 
strength, 2) balance and 3) walking velocity.
1) Muscle strength was an outcome measure in fourteen RCT's.28'3134'36'40'42'44'4648-54 In 
12 of these studies an exercise intervention including strengthening exercises was 
compared to an inactive control group or a sham intervention.28'3136'40'42'44'46'48-51'5354 
Lower extremity muscle strength was evaluated in eight RCT's31'36'4044'46'48'5354 of
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Iwhich six reported an improvement in the experimental group compared to 
controls.31'36'44'464854 In these studies the experimental groups improved 3.4% to 
27.5% and differences in the control groups varied from -16.4% to +10.6%. The 
frequency of the strength exercises varied from one to two times a week to daily 
and a frequency of two times a week was most common. The duration of the 
exercise programs varied from 12 weeks to 30 months. The exercise frequency 
in the two RCT's in which no significant effect on lower extremity strength was 
found was two times a week and the duration of the programs was 10 weeks 
in one study53 and 25 weeks in the other study.40 Trunk muscle strength was 
assessed in five RCT's.48-5153 In three RCT's a favorable effect of the training was 
found.49-51 In these studies improvements in the experimental groups varied 
from 15.0% to 26.6% and the changes in the control groups varied from -16.2% 
to +10.9%. The exercise frequency varied from three times a week to three 
times a day and duration of the interventions varied from 12 weeks to 6 months. 
In the RCT's reporting no effect on trunk muscle strength the exercises were 
performed two times a week. The duration of the interventions was 10 weeks 
in one study53 and 20 weeks in the other study.48 In one study a positive effect 
on upper extremity strength was reported (+10.7% vs -2.6%) after training 
with a frequency of three times a week and duration of 12 months.28 Different 
strength training programs were compared in two RCT's.3452 It was found that 
a multiple-set resistance training had a positive effect on muscle strength when 
compared to single-set resistance training (+3.5 to 5.5% vs -1.1 to -2.0%) in 
pre-trained women previously diagnosed with osteopenia.52 Finally, there was 
no difference in effectiveness on muscle strength between power training (high 
movement velocity) and strength training (low movement velocity) in pre­
trained women.34 In general, strength training interventions with a frequency of 
at least three times a week showed positive effects on at least one measure for 
muscle strength.283649-51 Exercise programs with a strength training frequency 
less than three times a week sometimes showed improvements in muscle 
strength,31'4446'4854 but in other studies no effects were observed4053.
2) Balance was an outcome measure in 12 RCT's.28'31'37'38'40'43'44'48,53-56 Balance 
outcome measures, however, were very diverse. Therefore, outcome measures
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for balance were divided in performance measures and posturography. 
Performance measures, such as the Timed Up & Go test (TUG), one leg stance 
and the Berg Balance Scale (BBS), assess balance at a functional level. In 
contrast, posturography assesses body sway, which can be considered a 
measure at a physiological level. In ten RCT's programs which included balance 
exercise, such as tandem stance, obstacle courses or Tai Chi, were compared to 
an inactive control group or a sham intervention.28'31'37'40'43'44'48'53'5556 The duration 
of the exercise interventions varied from 10 weeks to 30 months and exercise 
frequency was two times a week to every day. In eight of these RCT's the effect 
on performance measures for balance was investigated.28'31'37'40'43'44'4855 Only one 
of these studies found no effect between the experimental and control group.40 
This was the only study in which the exercise group was compared to a sham 
exercise rather than an inactive control group. In the other studies exercisers 
improved 7.0% to 28.4% and the changes in controls varied from -16.4% to ~ 
+9.5%).
The effectiveness of a program with balance training on balance measured 
with posturography was studied in seven RCT's,31'37'40'44'48'53,56 of which four found 
positive effects in the experimental group compared to controls37'404856. In these 
studies percentage improvement in the exercise groups varied from — 2% to 
+ 29.2% and the changes in the control group varied from -53.3% to +2.2%. 
Two exercise programs with strength exercises with or without aerobic exercise 
found beneficial effects on balance measured with posturography,3840 but no 
effects on performance measures for balance3840. In addition, one program with 
strengthening and endurance exercises showed improvements on the Functional 
Reach test (+16.2% vs +4.9%).54
3) Finally, one RCT found a positive effect of an exercise program with balance 
and jumping exercises on gait velocity (— +15% vs — 4%).37
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IDiscussion
As far as the authors know, this is the first systematic review in the English 
literature summarizing evidence for the effects of exercise interventions on 
falls, fall-related fractures and risk factors for falls in individuals with low BMD. 
Although few RCT's have been done to investigate the direct effect of exercise 
on fall and fracture incidence, the results of this systematic review show that 
exercise interventions might be effective in reducing the number of falls and 
fractures in individuals with low BMD. Furthermore, several risk factors for falls 
and fractures can be improved by exercise as well. This is consistent with findings 
in populations with increased risk of osteoporosis, such as postmenopausal 
women or elderly individuals.6'15'182223
Balance impairment is an important risk factor for falls in elderly 
individuals.57 Importantly, it is known that exercise interventions can improve 
balance in healthy individuals.23 Additionally, a recent meta-analysis showed 
that exercise interventions should include balance exercises to reduce fall risk 
in older individuals.17 The results of the studies included in the present review 
are consistent with these findings. Both interventions that were successful in 
reducing fall or fracture incidence contained balance exercises.3643 It is not 
surprising that in both of these studies balance was improved as well. Most 
of the interventions in which balance exercises were included have shown to 
be effective in the improvement of balance.28'3137'40'43'44'48'5556 However, it should 
be noted that outcome measures for balance were very diverse. Therefore, 
performance measures for balance were distinguished from posturography, 
which measures balance at a physiological level. Both types of balance measures 
have shown to be related to either fall or fracture risk,5758 which means that both 
improvements in postural sway and improvements on performance tests could 
be relevant in the reduction of falls and fractures.
The effect of programs with strength training on balance was also 
studied. A recent systematic review studied the effectiveness of resistance 
training in improving balance in older individuals.59 It was found that resistance 
training sometimes improved balance; however, the results were inconsistent. In 
the present review programs with strengthening exercises, whether or not with
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aerobic exercise, but without balance exercise, improved balance as measured 
by posturography.3840 Performance measures for balance were sometimes 
improved,54 but not in all the studies3840. It can be concluded that strengthening 
exercise might improve balance in individuals with a low BMD; however, further 
research is needed to determine the optimal type and intensity of the exercises 
to improve balance.
Another aspect of mobility that is important in the reduction of falls 
and fractures is muscle strength. It has been shown that there is an inverse 
relationship between muscle strength and fracture risk.2058 Furthermore, knee 
extension strength is a determinant for static and dynamic balance in individuals 
with osteoporosis.60 The present review indicates that interventions with 
strength training can improve lower extremity strength in individuals with low
BMD.31,37,44,46,48,54
Another clinically relevant finding is that programs with strengthening 
exercise can improve trunk muscle strength in individuals with low BMD.49-51 In 
healthy postmenopausal women back extensor strengthening exercise has been 
shown to reduce the loss of back muscle strength, lumbar spine BMD, and the 
incidence of vertebral compression fractures.61 Evidence for the effectiveness 
of exercise to reduce vertebral fractures in participants with low BMD is limited. 
In one study, an intervention with upper body and lower body strengthening 
exercise and weight-bearing aerobic exercise tended to reduce vertebral height 
loss in women with prevalent vertebral fractures.39 The lack of a significant effect 
might be due to the relatively small proportion of the participants included in 
the original trial that completed the study on vertebral height loss. Therefore, 
the effectiveness of exercise to reduce vertebral fractures should be further 
investigated. Since there is a negative correlation between back extensor strength 
and thoracic kyphosis,62 strengthening the back extensors might prevent or 
reduce thoracic kyphosis. This hypothesis is confirmed by a longitudinal study 
in older women.63 In this study, thoracic kyphosis was reduced after a program 
including strengthening exercise, range of motion (ROM) exercises and postural 
alignment exercise.
The reduction of thoracic kyphosis by increased back extensor strength 
is clinically relevant in the reduction of falls. First, a cross-sectional study has
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Ishown that thoracic kyphosis is associated with several risk factors for falls, 
such as reduced gait velocity and postural balance.64 However, in this study the 
osteoporotic group was slightly older than the healthy group, which may have 
affected the results. Second, the finding that recent fall history and degree of 
kyphosis are correlated65 further supports the hypothesis that thoracic kyphosis 
increases the risk of falling. The above-mentioned results suggest that training 
of back extensors presumably reduces fall and fracture risk.
Low BMD is a risk factor for fractures66 and therefore, the effect of exercise 
on BMD has been frequently studied. It has been shown that bone remodelling 
is induced by mechanical stimuli.67 Therefore, it is expected that exercise types 
which mechanically load the bones have positive effects on BMD. In this context 
weight-bearing exercises and muscle strengthening exercises are often studied. 
In a recent systematic review it was concluded that exercise interventions could 
have positive effects on BMD in postmenopausal women when the duration 
was at least a year.9 The results of the present review are in line with these 
findings. Exercise programs with duration of less than a year had no effect on 
BMD in most of the studies.384448 Programs with aerobic exercises and strength 
training, in which part of the exercises were weight-bearing, showed positive 
effects on BMD or BMC in the majority of the studies.28323646 This is in line 
with the observations in healthy individuals.6 The results of the present review 
also suggest that isolated strength training can increase bone density.41 This is 
consistent with the findings in pre- and postmenopausal women.68
Another interesting finding was that power training (high velocity) had 
favorable effects on BMD compared to strength training.34 This is consistent 
with findings of animal and laboratory studies, which suggests that strain rate is 
more important for bone remodeling than strain magnitude.67 The RCT in which 
the effect of vibration exercise was investigated found no effect on BMD of the 
lumbar spine.45 However, the exercises were performed only once a week. A 
study in postmenopausal women found favorable effects of vibration training on 
femoral neck BMD compared to walking, but no effect on lumbar spine.69 Since 
this RCT had no inactive control group, it is difficult to compare the results with 
those of this review. Therefore, it can be concluded that the effect of vibration 
exercise on BMD in individuals with low BMD needs further investigation.
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A limitation of the currently published studies is that most RCT's did not 
assess fall or fracture incidence directly. Only one study directly investigated 
the effect of an exercise intervention on fall-related fractures.36 Furthermore, fall 
incidence, an important determinant of fractures, was an outcome measure in 
only three RCT's.364344 Nevertheless, it has been shown that balance, muscle 
strength and BMD are predictors for falls or fractures.5758 Therefore, interventions 
that improve balance, strength and BMD might reduce fracture risk as well.
From the results of this systematic review it can be concluded that 
exercise interventions might reduce falls and fall-related fractures in individuals 
with low BMD. Although the direct effect of exercise on fall and fracture risk has 
not been intensively studied, it has been shown that exercise has positive effects 
on important predictors for falls and fractures, such as muscle strength, balance, 
and BMD.
Exercise programs aiming at fall and fracture reduction for patients with 
osteoporosis should at least include balance and muscle strengthening exercises. 
Strengthening exercises should be performed at least two to three times a week. 
For the improvement of BMD aerobic activities and strength training could be 
recommended. A t least part of these exercises should be weight-bearing. To 
have favorable effects on BMD, programs should have duration of at least 1 
year. Such interventions could reduce fall-related fractures in individuals with 
low BMD by improving balance, muscle strength and BMD and by reducing 
the risk of falling. Because few RCT's have been done to investigate the effects 
of exercise on fall and fracture incidence in individuals with low BMD, more 
research is needed to determine the optimal frequency and intensity of the 
strength, balance and weight-bearing exercises to reduce fall-related fractures 
in patients with osteoporosis.
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C Oo Table 2: D e s c r ip tio n  o f  th e  in c lu d e d  RCT's w ith  s u m m a ry  o f  re s u lts  fo r  E x p e r im e n ta l (E) and  C o n tro l (C) g ro u p s
Study Participants Type of activity Duration Frequency and 
intensity
Relevant
Outcome
measures
Outcomes Jadad/
PEDro
Score
Bergstrom  Postmenopausal w om en 
et al. (2008) w ith  osteoporosis or
osteopenia and previous 
forearm  fractures (E: n=60, 
58.9 (4.3) years; C: n =  52, 
59.6 (3.6) years)
E: Fast walking, 
aerobic exercise and 
strengthening exercises. 
C: No intervention
12  m onths 3 tim es a week 
walking and 1 -2 
tra in ing sessions per 
week
W alking: 30 m inutes; 
tra in ing 1 h
BMD Lumbar spine: E = C (-0.3% 
vs -0.7%)
Total hip: E > C (+0 .6%  vs 
-0.4%)
Muscle strength T imed-stand test: E > C 
(+24.6%  vs +10.6% )
3/6
Bravo e ta l. Osteopenic 
(1996) postmenopausal wom en 
(E: n =  61, 59.6 ±  5.82 y; C: 
n =  63, 59.9 ±  6.36 years)
E: W eight-bearing aerobic12 m onths 
exercises, strengthening 
exercise, balance 
exercise and education 
C: Education
3 tim es a week,1 h BMD
Balance
perform ance
Muscle strength
Lumbar spine: E > C ( +  0.5% 2/6 
vs -1.3%) Femur: E =  C 
(+0.3%  vs -0.5%)
Standing up and walking 
around cones: E > C 
(+12.7%  vs +4.7% )
Upper extrem ity  E > C 
(+10.7%  vs -2.6%)
Carter et al. O steoporotic 
(2001) postmenopausal w om en (E: 
n=45 , 71.6 (3.9) years; C: 
n=48 , 70.8 (4.0) years)
E: Exercise fo r 
balance, posture, gait, 
coord ination  and muscle 
strength.
C: No intervention
10 weeks 2 tim es a week, 40 
min
Static balance
Balance
perform ance
Muscle strength
Posturography: E =  C 
(+2.5%  vs +0.8% ) 
Figure 8 w alk ing: E =  C 
(+9.3%  vs +5.5% ) 
Knee extensors: E =  C 
(+2.9%  vs -3.1%)
3/5
Carter et al. See Carter et al. (2001) 
(2002)
See Carter et al. (2001 ) 20 weeks See Carter et al. 
(2001)
Static balance
Balance
perform ance
Muscle strength
Posturography: E =  C 
(+1.9%  vs -1.2%) 
Figure 8 w alk ing: E > C 
(+8.4%  vs +4.5% ) 
Knee extensors: E > C 
(+3.4%  vs -1.8%)
3/6
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C h ie n e ta l. Postmenopausal w om en E: Exercises fo r trunk 12 weeks 3 tim es a day, ±  0.5 Muscle strength Trunk: E f ,  C =  (+15.0 to  +  3/5
(2005) w ith  osteoporosis o r muscle strength and -1 h 26.6% v s -14.2 t o -0.6% )*
osteopenia w ith o u t fracture stabilization and spinal
h is tory (E: n =  14, 61.7 (9.0) ROM. Exercises were
years; C: n =  14, 58.6 (9.3) perform ed at home,
years) C: No intervention
Devereux etO lder wom en w ith  E: Exercises fo r balance, 10 weeks
al. (2005) osteoporosis or osteopenia muscle strength,
(E: n =  25, C: n =  25; 73.3 endurance, posture and 
(3.9) years) gait in the w ater
C: No intervention
G o ld e ta l. Postmenopausal w om en E: Exercise directed 6 m on ths+ 6 3 tim es a week Muscle strength Trunk extension: E > C 1/6 
(2004) w ith  present vertebral tow ard  trunk weakness, m onths self- exercise and 2 tim es (+24.3%  v s -16.2%)
fractures (E: n=94, 80.2 (4.8)trunk extension and mainte-nance a week coping class, 
years; C: n=91, 82.0 (6.2) erect posture and coping 45 min
years) classes
C: Health education
H a n se ta l. Postmenopausal w om en E1: Heel drops w ith  2 years Daily, 3-5 min BMD Total hip and subregions E1 2/6
(2002) w ith  osteoporosis or im pact =  E2 =  C (+0.6  to  +1.3%
osteopenia ( E l: n=99, 67.6 E2(Sham): Heel drops vs -4.7 to  -0.5% vs -1.7 to
(5.2) years; E2: n =  32, 66.3 w ith o u t im pact +  0.6%)
(4.9) years; C: n =  26, 66.0 C: No exercise
(4.8) years) Both groups received 
calcium  and vitam in D
N um ber o f participants w ho 
gained or maintained site 
specific BMD: E1 75%, E2 
and C 62% (no p-values)
2 tim es a week, 50 Balance Step test: E > C ( +  18.8 to  3/7
min perform ance + 20.0% v s + 0.0 t o + 2 .6%)
CO
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Hongo et al.Postmenopausal
(2007) osteoporotic  w om en (E:
n =42 , 67 (5) y; C: n =  38, 67 
(7) years)
E: Back extensor exercise4 m onths 
perform ed at home.
C: No intervention
H ig a n e ta l. Osteopenic w om en (E:
(2008) n =  50, 61.5 (8.2) years; C: 
n=48 , 61.9 (9.6) years)
E: Balance and strength 20 weeks 
exercises.
C: No intervention
Iwam oto et O steoporotic E: O utdoor walking and 12 m onths
al. (1998) postmenopausal w om en (E: strength exercises fo r
n =  32, 64.8 (6.1) years; C: legs, back and abdomen. 
n =  36, 64.8 (5.7) years) C: No exercise
Both groups received 
calcium  and vitam in D
Iwam oto et See Iwam oto et al. (1998) See Iwam oto et al. (1998) E1: 2 years 
al. (2001) E was divided (not E2: 1 year
random ly) in E1 and E2 
after one year. W omen in 
E2 on ly  exercised in the 
firs t year.
5 days a week, 10 Muscle strength Back extension: E > C 
repetitions of 5 s (+26.2%  vs +10.9% ).
duration
2 / 5
2 tim es a week, 1 h BMD Femur and spine: E =  C (-0.5 3/7 
to  +1.6%  v s -2.3 to  +1.4% ) 
Posturography: in 4 of 6
Static balance measures E > C ( +  5.1 to  
+  18.0% vs -53.3 to  -11.0%) 
Lateral reach, step test, TU G : 
E > C (+10.4 to  +28.4%  vs
Balance -1.8 to  +8.5% )
perform ance Lower extrem ity: E > C in 
7 of 8 measures (+16.1 to 
+  18.8% vs -4.7 to  +8.2% ) 
Trunk extensors: E =  C
Muscle strength (+5.6%  vs -15.0%)
Every day BMD Lumbar spine: E > C (+4 .5%  0/3
Increase step count vs + 1 .0%)
by 30% and 2 sets
of the strength
exercises
See Iwam oto et al. BMD 
(1998)
Lumbar spine: E1 > C 1/3
(+4.3%  vs +1.0% ); and E2 
=  C ( +  2.2% vs +1.0% )
Iwam oto et Inactive osteoporotic 
al. (2005) postmenopausal wom en 
w ith  back pain (E: n =  25, 
71.9 (8.1) years; C: n =  25, 
70.6 (8.7) years)
E: W hole body v ibration 12 m onths 
C: No exercise 
Both groups received 
alendronate
Once a week, 4 m in BMD Lumbar spine: E =  C 
(+10.2%  vs +8.4% )
2/6
Kem mler et Postmenopausal w om en 
al. (2004) w ith  osteopenia w ho  had
participated in a strength trunk and shoulder in 
tra in ing program  fo r 3 years a crossover design: 
( E l : n =  29, 56.7 (3.0) years; m ultiset vs single set 
E2: n=  21, 56.5 (3.1) years, 
orig ina lly  71 subjects were 
included)
Strength tra in ing program 29 weeks, 4 tim es a week, 25- Muscle strength 
w ith  exercises fo r  legs, 12 weeks per 70 min 
period
RM: m ultiset > single set 2/4 
(+3.5  t o +5 .5%  vs -2.0 to 
-1.1%)
KorpelainenW om en w ith  osteopenia or E: Jum ping, balance and 30 m onths Daily home exercise. Num ber of falls Fall-related fractures: E < C 3/7
e ta l. osteoporosis (E: n =  84, 72.9 strength exercises
(2006a) (1.1) years; C: n =  76, 72.8 C: No intervention 
(1.2) years)
supervised tra in ing 
once a week 
20 min home
exercise, 1 h tra in ing BMD 
Supervised train ing 
was alternated w ith  
home train ing on ly  BMC 
every six months.
and fall-related 
fractures
BUA/SOS
(16 vs 6)
Falls: E =  C (88 vs 101) 
Femur and radius: E =  C 
(-3.8 to  -0.3% vs -3.4 to  
+ 0 .8%)
Trochanter: E > C (-2.9% vs 
-7.7%)
Other fem ur sites: E =  C 
(-0.6 t o +0 .2%  vs -1.0 to 
+ 0 .2%)
Calcaneus: E =  C
CO
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KorpelainenSee Korpelainen et al. See Korpelainen et al.
e ta l. (2006a) (2006a)
(2006b)
Liu- O lder wom en w ith  E1: Progressive
A m brose et osteoporosis or osteopenia resistance tra in ing w ith  
al. (2004a) ( E l : n=34, 79.6 (2.1) years; exercises fo r extrem ities 
E2: n =  36, 78.9 (2.8) years; and trunk.
C: n =  34, 79.5 (3.2) years) E2: A g ility  tra in ing w ith  
exercises fo r balance and 
coord ination  such as ball 
games, relay races and 
an obstacle course 
C: Breathing, relaxation 
and stretch ing exercise 
and posture education.
30 m onths
25 weeks
Liu- See Liu-Am brose et al. See Liu-Am brose et al. 25 weeks
A m brose et (2004a) (2004a)
al. (2004b)
See Korpelainen et 
al. (2006a)
2 tim es a week, 50 
min
See Liu-Am brose et 
al. (2004a)
N3
Static balance Posturography: E > C (— 3/7 
-2% vs ~  -29%)
Balance TUG: E > C (— 1-25% vs ~
perform ance +9.5% )
E > C (~  +15%  vs ~  -4%) 
Walking ve loc ity  Lower extrem ity: E > C (~
+  20% vs ~  -9.4%)
Muscle strength Handgrip: E =  C
Fall risk:
PPA (sway,
quadriceps
strength,
reaction tim e,
proprioception
and visual
function)
Static balance
Balance
perform ance
Fall risk reduction: E1 =  E2 
> C (57.3% vs 47.5% vs 
2 0 .2 % )
Posturography: El =  E2 > 
C ( +  30.6% vs +29.2%  vs 
-0 . 2% ) .
CB&M scale: El =  E2 =
C ( +  14.8% vs +22.6%  vs 
+  11.4%)
Lower extrem ity: E1 =  E2 
=  C (+9.9  to  +18.8%  vs 
+  1.2 to  +33.3%  vs +8.7 to  
+  16.7%)
3/7
Muscle strength
BMD Femur: E1 =  E2 =  C (-0.3 to  3/6
+  2.0% vs +0.7 to  +1.5%  vs 
-0.2 to  +0.4% ) 
pQCT Tibia: E2 > C (+0 .5%  vs
-0.4% ).
Radius: E1 > E2 (+1.4%  vs 
-0.4% )
C
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Liu- See Liu-Am brose et al. See Liu-Am brose et al. 25 weeks +
A m brose et (2004a) (2004a) 12 m onths
al. (2005) fo llo w - up
Maciaszek Men w ith  osteoporosis or 
et al. (2007) osteopenia (E: n =  25, 69.3 
(6.3) years; C: n =  24, 71.1 
(6.0) years)
E: Tai Chi
C: No intervention
18 weeks
Madureira O steoporotic w om en (E: E: Balance tra in ing 12 m onths
et al. (2007) n =  34, 74.6 (4.8) years; C: program
n =  32, 73.4 (4.6) years) C: No intervention
M alm ros et O steoporotic w om en w ith E: Training program  w ith 10 weeks
al. (1998) back pain and a spinal balance, strengthening.
fracture in the past 3 years stretch ing and relaxation
(E: n =  27, 62-70 years; C: exercises
n =  25, 64-71 years) C: No intervention
See Liu-Am brose et 
al. (2004a)
Fall risk: PPA Fall risk reduction: E1 =  E2 
=  C (43.3% vs 40.1% vs 
37.4%)
3/6
2 tim es a week, 45 
min
Balance Posturography w ith  weight- 
sh ifting tasks:
E > C in 2 o f 4 measures 
(+4.3  to  +8 .3%  vs +1.0 to  
+  2.2%)
1/3
4 tim es a week of 
w h ich 3 tim es home 
exercise
Supervised exercise 
1 h and home 
exercise 30 min
Fall incidence
Balance
perform ance
E > C: ( -0 .7 7  vs +0.03 falls/2/6 
patient; -64.2% vs +3.4% ). 
CTSIB: E > C (40.0-43.3% 
vs 3.3% of the individuals 
im proved)
TUG: E > C (+25.5%  vs 
-16.4%)
BBS: E > C ( +  11.3% vs 
-1.0%)
2 tim es a week, 1 h Static balance 
Muscle strength
Posturography: E =  C 
(+19.6%  vs +7.0% ) 
Lower extrem ity: E =  C 
(+6.3%  vs -1.1%) 
Trunk: E =  C (+17.7 to 
+  24.9% vs +10.0 to 
+  18.4%)
3/6
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M itchell et W om en w ith  osteoporosis E: Exercise program  w ith  12 weeks
al. (1998) (E: n =  16, 59 (6) years; C: strengthening exercise
n =  14, 63 (5) years) fo r back and leg muscles 
and aerobic exercise 
C: No intervention
Papaioan- O steoporotic w om en w ith E: Home-based exercise 6 m onths
nou et al. vertebral fractures (E: n =  37, program  w ith  stretch ing, under super-
(2003) 71.6 (7.3) years; C: n =  37. strengthening and vision
72.2 (8.0) years) aerobic exercises 
(walking)
C: No intervention
Stengel et Postmenopausal w om en Strength tra in ing, aerobic 1 year
al. (2005) diagnosed w ith  osteopenia tra in ing, im pact exercise.
w ho  had participated in a coord ination  exercise.
strength tra in ing program fle x ib ility  exercise.
fo r 3 years ( E l: n =  25, 57.7 calcium  and vitam in D
(3.2) years; E2: n =  28, 57.6 E1: High ve loc ity  strength
(3.0) years) tra in ing (power train ing) 
E2: Low ve loc ity  strength 
tra in ing
Stengel et See Stengel et al. (2005) See Stengel et al. (2005) 2 years 
al. (2007)
2 tim es a week groupBalance FR: E > C (  +  16 .2% vs 2/5 
exercise and 1 tim e a perform ance +4.9% ) 
week brisk walking Knee extension E > C (+7.5 
±  35 min fo r group Muscle strength t o +27.5%  vs -16.4 to 
exercise and 20 min -2.0%) 
fo r brisk walking
3 tim es a week, 1 h BMD Lumbar spine and fem ur: E 3/6
During the second 6 =  C
m onths participants Static balance Posturography: E > C
on ly had phone Balance TU G :E  =  C
contact w ith  the 
physical therapist
perform ance
4 tim es a week, 25- BMD Lumbar spine: E1 > E2 2/5
60 min (+0.7%  v s -0.9% )
Total hip: E1 > E2 (+0.0%  vs 
-1 .2%  )
Intertrochanteric region: E1 
> E2 (+0.1%  v s -1 .4%  ) 
Trochanter, fem oral neck, 
forearm , radius: E1 =  E2 
(-1.0 to  +0.2%  vs -1.6 to 
-0.2%)
Upper extrem ity, trunk and
Muscle strength low er extrem ity: 
E =  C
See Stengel et al. BMD Lumbar spine BMD and bone2/5
(2005) area: E1 > E2 (-0.3% vs 
-2.4% and +0 .4%  vs -0.9%)
Swanen- O lder wom en w ith E: Resistance, balance, 3 m onths+  3 tim es a week, 70 Fall rate E |  (-89% vs + 20% )* 3/8
burg et al. osteoporosis or osteopenia aerobic and coord ination 9 m onths min BMC Total hip: E < C (+0 .4%  vs
(2007) (E: N =  12, C: n =  12; 71.2 exercise, games and fo llow -up +  3.3%)
(6.8) years) proteins
C: Received a leaflet w ith
Total spine: E =  C (+2.2%  vs 
+4.6% )
home exercises Static balance Posturography: E =  C (-10.5
A fte r 3 m onths E was to  -3.3% vs -6.0 to  -4.3%)
encouraged to continue BBS: E > C ( +  7.0% vs
exercise. Both groups Balance -0.6%)
received an educational perform ance Lower extrem ity: E > C
lecture and calcium  and (+16.2%  vs -6.4%)
vitam in D Muscle strength
W ebber et See Papaioannou e ta l. See Papaioannou et al. 6 m onths See Papaioannou et Vertebral height E =  C (-0.3 to  +0.2 m m  vs 1/4
al. (2003) (2003)
O nly 46 participants from  
the original tria l were 
included in th is  study
(2003) under super- al. (2003) 
vision
T9-L4 -0.7 to  -0.3 mm)
* =  No between-group statistics fo r  pre-post differences. Abbrevia tions: E =  experim ental group; C =  contro l group,: ROM =  Range Of M otion; CTSIB =
Clinical Test Sensory Interaction Balance; FR =  Functional Reach; TUG =  T imed Up and Go test; RM =  repetition m axim um : PPA =  Physiological Profile
Assessm ent; BBS =  Berg Balance Scale; BUA =  Broadband Ultrasound A ttenuation; SOS =  Speed of Sound; pQCT = peripheral Quantitative Computed
Tomography.
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Introduction
Hip fractures among the elderly are a health problem associated with high 
mortality and morbidity rates. In particular persons with osteoporosis or low 
bone mineral density (BMD) are at risk for hip fractures due to their reduced 
bone strength.12 Therefore, in clinical practice hip fracture prevention focuses 
mainly on treating osteoporosis.
About 90% of hip fractures are caused by falls.3 Apart from a low 
BMD, fall characteristics have been identified as independent risk factors for 
hip fractures.12 Hence, falls prevention and reduction of fall severity may also 
prevent hip fractures. Falls with the highest risk for hip fractures are sideways 
falls and falls with direct impact on the greater trochanter of the proximal femur.2 
To reduce the hip fracture risk in these types of falls, hip protectors may be 
useful. In vitro experiments have shown that the best hip protectors can attenuate 
femoral impact forces by as much as 85%.45 However, to prevent hip fractures in 
everyday life, user compliance is a problem.6
Alternatively, people may be taught safe fall arrest strategies. Recent 
studies have indicated that fall strategies based on martial arts (MA) fall 
techniques reduce the impact forces during a volitional fall. When using an 
MA fall technique, the fall is changed into a rolling movement. During the roll 
the forces are distributed over a larger impact site. Furthermore, the amount 
of energy to be absorbed during impact is reduced because kinetic energy is 
preserved during the rolling movement. Experimental studies have shown that 
MA techniques during a volitional fall reduce hip impact forces, which presumably 
reduces the hip fracture risk as well.7-9 Recently, MA fall training that consisted 
of 5 weekly training sessions of 45 minutes was included in a successful falls 
prevention program for healthy elderly persons.10 A further experimental study 
revealed that older participants were able to learn the MA techniques during the 
five weekly training sessions; the improved performance reduced the hip impact 
force during a volitional fall.11 For safety reasons, persons with osteoporosis 
have been excluded from these fall training studies. However, persons with 
osteoporosis are expected to experience the most benefits from such training 
because of their high fracture risk if they fall.
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training is safe for persons with osteoporosis. For obvious safety reasons, this 
could not be directly assessed using persons with osteoporosis. Therefore, we 
measured the hip impact forces during the MA fall exercises from a kneeling 
and a standing position onto both a judo mat and a thick mattress in a group 
of young adults. We focused on sideways and forward falls, as these falls have 
the highest risk for direct hip impact and hip fractures. To determine whether 
the impact forces are within the safety limits for persons with osteoporosis, 
two safety criteria were defined based on the femoral fracture load in elderly 
women.12 It was hypothesized that for persons with osteoporosis practicing falls 
from a kneeling position are only safe if performed on a thick mattress while falls 
from a standing position are never safe.
Methods
Participants
Healthy, young individuals without prior experience in MA fall techniques 
participated in this study. Six participants (age: 23-44 years, weight: 57-85 
kg, height: 1.74-1.86 m) performed the MA fall training on a judo mat and six 
participants (age: 23-44 years, weight: 55-73 kg, height: 1.71-1.86 m) performed 
the training on a thick mattress. All participants signed informed consent prior to 
participation. The Ethical Board for the region Arnhem-Nijmegen approved the 
protocol (2004/152).
Fall training
Each participant received individual fall training for approximately two hours. The 
fall exercises that were performed were the sideways and forward fall techniques 
as included in the Nijmegen Falls Prevention Program.10 The three most important 
characteristics of MA techniques are the rolling movement, head protection by 
neck flexion and the use of the arm to stop the rolling movement. In forward 
falls, trunk flexion and rotation enable participants to roll over the scapula of 
the ipsilateral shoulder and diagonally across the back to the contralateral hip 
region (Figure 1a). In sideways falls, participants roll over the ipsilateral hip to
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the scapula of the ipsilateral shoulder; this is achieved by flexion, lateral flexion 
and rotation of the trunk (Figure 1b). Both sideways and forward fall exercises 
started in a sitting position; these were not measured since they were assumed 
to have no hip fracture risk. Thereafter, falls from kneeling and standing positions 
followed. The fall exercises were performed either on the judo mat (4 cm thick 
polyurethane foam, size 1.2 x 1.2 m) or on the 25 cm thick gymnasium mattress 
(size 2.5 x 1.25 m). Each fall condition was performed for at least 8 trials.
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Figure 1: Photo series o f martial arts fall techniques from  a kneeling position. 
a) Martial arts fall techniques during a forward fall and b) during a sideways fall from  
kneeling position on the judo mat.
Data collection
During the trials, force data were collected by a force plate (1.2x1.2 m, Bertec 
Corporation, Columbus, Ohio, USA) at a sample rate of 2400 Hz, which was 
embedded in a 2.2x2.7 m platform and covered with judo mats or the thick 
mattress. It must be emphasized that the judo mat or mattress was not supported 
by any other surface than the force plate. Hence, all (vertical) forces that are 
applied to the mat are measured by the force plate. Similar set-ups are used by 
other groups, for instance, for mechanical testing of the force-attenuating effects 
of low stiffness floors on peak impact forces on the skin surface of the greater 
trochanter of the femur and the femoral neck.13 A 6-camera 3D motion analysis 
system (Primas, Delft University of Technology, Delft, The Netherlands) was used 
to collect the 3D positions of reflective markers at 100 Hz. The markers were 
attached bilaterally to the wrist, elbow, acromion and the pelvis. Kinematic and 
force data were collected synchronously.
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For all falls from kneeling and standing positions, hip impact forces were 
determined. Hip impact force was, in general, the first distinct peak in the force 
curve after fall initiation. Kinematic data were used to confirm whether indeed 
this peak corresponded to hip impact using the vertical position of the markers. 
For each fall condition, the maximum vertical hip impact force was determined 
for each participant (Fmax). For each fall exercise the highest Fmax observed 
during all the trials of all participants was used to assess the safety of the fall 
training.
Safety criteria
Two safety criteria were constructed to determine which fall exercises and 
conditions were considered to be safe for persons with osteoporosis. Both safety 
criteria were based on the femoral fracture load of elderly women. Following 
Kannus and coworkers,4 we used the mean femoral fracture load of 3100N (SD 
1200 N) as determined for cadaveric femora of a group of elderly women by 
Cheng and coworkers.12
The first safety criterion implied that the femoral load during a fall 
exercise should not exceed the average fracture load for elderly women minus 2 
SD (700 N: 3100 N -  2 * 1200 N). In other words, the threshold was set at a value 
that should be safe for 97.7% of the elderly women. Because the femoral load 
is not equal to the external hip impact force as measured with the force plate, 
we took two mediating factors into account. Firstly, we included the expected 
protective effects of soft tissue around the hip. The mean attenuation of the peak 
impact force caused by soft tissue is 13% in elderly women.14 Because persons 
with osteoporosis often have relatively little adipose tissue, we used a 10% 
reduction of Fmax by soft tissue padding. Secondly, we decided that persons 
with osteoporosis have to wear hip protectors during the MA fall training. If 
participants wear hip protectors, the actual impact forces exerted on the femur 
will be substantially reduced. It has been shown that the best hip protectors 
reduce impact forces by between 65% and 85%.45 According to the first safety 
criterion a fall was safe if the highest Fmax measured reduced by 10% for soft
c h a p t e r  3_______________________________________________________________________________________________
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tissue padding and by 65% for the use of hip protectors, was lower than the 
threshold of 700 N (highest Fmax * 0.9 * 0.35 < 700 N).
For the second safety criterion we took into account that hip protectors 
are not always placed correctly with respect to the greater trochanter to optimally 
attenuate the impact forces.1516 In this second safety criterion we therefore left 
out the factor of force attenuation by hip protectors; the threshold was set at the 
average femoral fracture load for elderly minus one standard deviation (1900 N: 
3100 N -  1200 N). Hence, the threshold was set at a value that should be safe for 
84.1% of the elderly women if they did not wear hip protectors. According to the 
second safety criterion, a fall was safe if the highest Fmax measured, reduced 
by 10% for soft tissue padding, did not exceed the threshold of 1900 N (highest 
Fmax * 0.9 < 1900 N).
Results
In general, the highest Fmax observed during the forward MA falls was higher 
than that found during the sideways falls under similar floor and fall height 
conditions (Table 1). Figure 2 shows the highest Fmax of all participants in the 
MA in sideways and forward falls from kneeling position on the judo mat and the 
thick mattress and from standing position on the thick mattress in relation to the 
thresholds of the two safety criteria.
Table 1: Descriptive statistics o f the maxim um  hip impact force (Fmax) fo r the different 
fall conditions.
Fall exercise Fmax (N)
Fall direction Fall height Fall surface Median IQR Max
Sideways Knee Judo mat 1769 407 2219
Knee Mattress 1330 131 1426
Stand Mattress 1551 439 2012
Forward Knee Judo mat 1745 624 2474
Knee Mattress 1453 669 2006
Stand Mattress 1833 419 3132
IQR= interquartile range, M ax= highest Fmax.
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Figure 2: Maximal hip im pact forces fo r sideways and forward MA fall exercises. The 
maximal hip im pact force among all participants (highest Fmax) was corrected either 
fo r soft tissue padding (ST, 10% reduction) and wearing hip protectors (HP) that could 
attenuate the m axim um  hip impact force by at least 65% (safety criterion 1) or soft 
tissue padding only (10% reduction) (safety criterion 2) . The corrected highest Fmax 
values were compared w ith thresholds of safety criterion 1 (700 N: average femoral 
fracture load fo r elderly m inus tw o standard deviations) and safety criterion 2 (1900 N: 
average femoral fracture load fo r elderly minus one standard deviation), respectively. 
Asterisks (*) indicate fall conditions that met both safety criteria.
For the sideways falls, the Fmax corrected for both soft tissue padding 
and hip protectors was lower than 700 N in all fall conditions. Hence, all the 
sideways falls met the first safety criterion (corrected Fmax was lower than 700 
N). The Fmax if only corrected for soft tissue padding exceeded 1900 N in some 
of the participants during falls from kneeling position on the judo mat. Hence, 
the sideways falls from kneeling position on the judo mat did not meet the 
second safety criterion (range Fmax 1260-2219 N). If performed on the mattress, 
however, the sideways falls from kneeling position as well as from standing 
position met the second safety criterion (range Fmax 878-1426 N and 1216-2012 
N, respectively)(Table 1, Figure 2).
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For the forward falls, the falls from kneeling position did neither meet the 
first nor the second safety criterion if performed on the judo mat (range Fmax 
1173-2474 N). However, if forward falls from kneeling position were performed 
on the mattress, Fmax met both safety criteria (range Fmax 1028-2006 N). 
Forward falls from standing position even when performed on the mattress did 
neither meet the first nor the second safety criterion (range Fmax 1389-3132 N) 
(Table 1, Figure 2).
Discussion
This study determined whether MA fall training could be considered to be safe 
for persons with osteoporosis as extrapolated from the data of young adults 
and using stringent safety criteria. The results showed that sideways falls from 
kneeling and standing position met the safety criteria if performed on a thick 
mattress. Forward falls only met the safety criteria if performed from kneeling 
position on the thick mattress. Hence, in order for the MA fall training to be 
safe for persons with osteoporosis, the fall training should be performed on a 
thick mattress and forward falls from a standing position should be excluded. In 
addition, participants should wear hip protectors that attenuate the maximum 
hip impact force by at least 65%. Specific data on the femoral fracture load of 
osteoporotic women have not been reported in the literature. Therefore, we 
based the safety criteria on the mean proximal femoral fracture load of elderly 
women (n = 28) with a mean age of 71 years (3100, SD 1200 N).12 It is very likely 
that at least some of these women had osteoporosis. Because of the strong 
correlation between fracture load and femoral neck BMD,1217 the osteoporotic 
women were probably those with the lowest fracture loads. Fracture load is hard 
to estimate since it also depends on the loading rate18 and direction of impact19. 
Therefore, we proposed a conservative first safety threshold of two standard 
deviations below the mean fracture load of elderly women, 700 N, which was 
lower than any individual femoral fracture load found in cadaveric studies.1217-20 
For extra safety, we set a rather low threshold in the second safety criterion. 
In addition, the decision to include fall exercises was based on the highest 
Fmax observed among all participants. Hence, we think that our safety criteria
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persons with mild to moderate osteoporosis.
In the present study, the safety of the MA fall training was determined 
only with respect to the risk for hip fractures. Falls may also result in other 
injuries, such as bruises, or head, arm and wrist injuries. The most important 
characteristics of the MA fall techniques are the rolling movement and head 
protection. To change the fall into a rolling movement, one should curve the trunk 
and neck. The trunk and neck flexion also prevent the head from impacting the 
ground. The risk of head impact is further reduced by slapping the arm to stop 
the rolling movement, which is another characteristic of the MA fall techniques. 
This arm slap is not believed to be harmful because the impact is distributed over 
a larger contact area due to the simultaneous impact of hand and forearm.811 In 
previous studies with older, healthy individuals, it was indeed not reported to be 
uncomfortable.1011
The safety of such MA fall training for persons with osteoporosis was 
recently confirmed by Smulders and coworkers.21 Based on the results of the 
present study, the MA fall training of the original Nijmegen Falls Prevention 
Program10 was modified. Thus far, 31 persons with osteoporosis (lowest T-score 
for proximal femur and lumbar vertebrae was between -4 and -2.5) participated 
and no injuries or adverse physical effects were reported during or after the 
training.21
In experimental studies, MA fall techniques have been demonstrated to 
effectively reduce hip impact forces and, therefore, have the potential to reduce 
the hip fracture risk. MA fall techniques reduced the hip impact forces during 
a volitional fall by 12-27% when performed by experienced martial artists78 
and by 17% in young adults without previous experience in MA fall techniques 
after a 30-minute training session.9 In addition, it was demonstrated that MA fall 
techniques were trainable in older individuals. After a five-session MA fall training, 
the fall performance improved and the hip impact force during a volitional fall 
was reduced by 8%. It was suggested that the MA fall training may have similar 
effects for hip fracture prevention as the prescription of bisphosphonates.11 The 
effectiveness of MA fall techniques in reducing the hip impact forces are in line 
with the results of the biomechanical modeling study of Lo and coworkers.22
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That study revealed that a combination of knee flexion, waist flexion and 
trunk rotation is the most effective movement strategy to reduce the impact 
forces during a sideways fall (reduction of 56% compared to a 'broomstick' 
strategy). In addition, they found that this movement strategy was effective in 
reducing impact forces below the fracture load even when the effect of aging 
on muscle forces (reduction of 30% in muscle force) was simulated.22 Since the 
combination of knee flexion, waist flexion and trunk rotation is characteristic of 
MA fall techniques to enable rolling after impact, the study of Lo and coworkers22 
confirms the potential beneficial effects of MA fall techniques for hip fracture 
prevention.
The effects of MA fall techniques on hip fracture risk in daily life, 
however, should be further investigated. A prerequisite for MA fall techniques 
to potentially contribute to hip fracture prevention in daily life, is the trainability 
of these techniques in the persons with osteoporosis. The results of a previous 
study on MA fall training in healthy elderly persons showed that they were 
indeed able to learn and apply these MA techniques during a volitional sideways 
fall from kneeling height. In addition, 15 of the 25 participants reported that they 
were also confident of being able to apply the MA fall techniques during an 
unexpected fall in daily life.11
There is no conclusive evidence, however, for the applicability of the 
fall techniques in daily life, yet some indirect evidence is available. Although it 
is often suggested that a fall may happen too quickly to be able to select and 
execute a learned fall technique, the duration of a real-life fall from standing 
height has been reported to be 715 (SD 160) ms.23 Given a voluntary reaction 
time of 180 ms for initiation a fall technique,24 there is some time to subsequently 
execute the fall technique before impact. The minimum movement time to 
execute the MA fall technique adequately was only 145-155 ms in young adults.24 
Although previous studies reported increased reaction times of 31-80 ms232526 
and increased movement times for voluntary movements in the elderly,23 this 
probably still leaves sufficient time to select and execute a fall technique.
A limitation of the present study was that young adults participated 
instead of older persons to determine whether MA fall exercises could be safe 
for persons with osteoporosis. In general, the performance of fall exercises
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Iby older adults is expected to be less fluent than the performance by younger 
adults caused by a slower reaction time and poorer ability to coordinate muscle 
actions. This may result in higher hip impact forces. On the other hand, older 
adults are expected to have more fear of falling and are more cautious in their 
performance of the fall exercises, which presumably results in lower impact 
velocities and, consequently, lower hip impact forces.
Another limitation was the small sample size in the present study. It may 
not represent the normal variability in the normal population. Because it is likely 
that heavier and/or taller persons experience higher hip impact forces during a 
fall, it could affect the decision whether the fall exercises of the MA fall training is 
safe or not in the present study. On the other hand, older age and a low body mass 
(rather than a high body mass) are the most important risk and screening factors 
for osteoporosis2728 and are used to predict bone mineral density (T-score)29. It 
indicates that heavier persons have stronger bones. In addition, it is expected that 
heavier persons have a thicker soft tissue layer overlying the greater trochanter 
of the femur that can absorb energy during hip impact. Increased soft-tissue 
thickness is strongly correlated with decreased peak femoral impact force.14 We, 
therefore, believe that the fall exercises that we identified as safe in the present 
study are also safe for heavier persons who may experience higher hip impact 
forces, but also have more soft tissue padding and stronger bones than the bone 
strength as used in the safety criteria.
Conclusions
Based on the data of young adults and stringent safety criteria, the MA fall 
training was expected to be safe for persons with osteoporosis if they wear hip 
protectors that could attenuate the maximum hip impact force by at least 65% 
during the training, perform fall exercises on a thick mattress, and avoid forward 
fall exercises from a standing position. Since MA techniques reduce hip impact 
forces and can be learned by older persons, MA fall training may prevent hip 
fractures among persons with osteoporosis.
C H AP T E R  3_______________________________________________________________________________________________
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Introduction
Falling in the elderly is a major health problem because of the large numbers 
of elderly persons who fall and the serious consequences of these falls. 
Approximately 30% of persons aged 65 years and over fall at least once a year.1-3 
Of these falls 5% result in fractures4 and in 20% medical attention is needed,5 
which causes high costs. In addition to the physical problems associated 
with falls, fall incidents have psychosocial consequences, such as diminished 
independence and fear of falling. To prevent fall incidents and their consequences 
falls prevention programs have been developed. Exercise programs have shown 
to be the most effective single intervention in reducing falls.5-8 Especially when 
these exercise programs are multi-modal in nature (containing strengthening 
exercises, cardiovascular, flexibility and balance training), they are effective in 
preventing falls.9
One of the multi-modal evidence-based exercise interventions for falls 
prevention is the 'Nijmegen Falls Prevention Program' ('NFPP').10 This 5-week 
exercise program consists of 10 sessions and has three components: an 
obstacle course, walking exercises in a crowded environment and the practice 
of fall techniques. The 'NFPP' was tested for its effectiveness in a randomized 
clinical trial (RCT). Participants showed a 46% decrease in fall rates. Furthermore, 
they improved significantly in avoiding obstacles. This showed that a relatively 
short and low intensity program can be effective in reducing the number of fall 
incidents.
Persons with osteoporosis are at higher risk of fractures due to falling 
because of their decreased bone strength. Therefore they are expected to 
benefit greatly from falls prevention programs. In many previous falls prevention 
studies, however, the persons with osteoporosis are either not included or no 
special attention is given to them.
Some falls prevention programs have been developed specifically for 
persons with osteoporosis. Madureira et al. (2007),11 for instance, developed a 
12-month balance-training program for elderly women with osteoporosis. The 
program was effective in improving functional balance (Berg Balance Scale), 
static balance (Clinical Test of Sensory Interaction and Balance) and functional
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mobility ('Timed Up and Go' Test). During the program fall incidence was 
decreased compared to the number of falls in the year prior to the study, but no 
follow-up data on fall incidence were obtained.
In the study by Liu-Ambrose et al. (2004)1213 an 'agility' program was 
evaluated in persons with osteoporosis, as well as a resistance training and 
stretching exercises. In their 25-week study, Liu-Ambrose et al. showed an 
improvement in fall risk score on the Physiological Profile Assessment (PPA)14 
and in balance confidence in participants of the resistance and agility-training 
program. Although fall risk scores improved, these authors did not collect data 
on actual falls to confirm these risk scores.
Hence, these studies did not investigate efficacy with respect to 
fall incidence after the program had finished. Furthermore, these long-term 
studies only investigated falls prevention interventions and had no fall training 
component. However, to prevent serious injuries in the fall incidents that remain 
despite of training, the practice of fall techniques may be particularly important 
in persons with osteoporosis.
This chapter describes the development and the participants' evaluation 
of a short-term, multi-modal falls prevention program for persons with osteopo­
rosis with a fall training component.
Development of the Multi-Modal Falls prevention 
Program for Persons with Osteoporosis
The successful 'NFPP', which uses the same types of exercises as the agility 
training from the study by Liu-Ambrose et al. (2004),1213 was taken as a starting 
point for our program for persons with osteoporosis. The 'NFPP' was adjusted to 
make it safe for persons with osteoporosis. To make the program more specific 
and efficient for persons with osteoporosis a multidisciplinary team added 
several components.
The Original Nijmegen Falls Prevention Program 'NFPP'
The original 5-week 'NFPP' consists of 10 sessions of 1.5 hours each. The obstacle 
course, which is shown in Figure 1, simulates situations from daily living with
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potential fall risks. The participants train their balance, gait and co-ordination 
skills. Some examples of the elements in the obstacle course are walking on an 
uneven pavement and different ground surfaces, standing up from a low chair 
and transfer from stance to a kneeling position.
Several studies have shown that difficulty in dual tasking can predict 
falls.15-17 Therefore, motor and cognitive dual tasks are included in the obstacle 
course to further simulate the complexity of daily life. Motor dual tasks are 
for example carrying a tray with empty cups or an umbrella while walking. An 
example of a cognitive dual task is counting the number of times the doorbell rings 
during a piece of music. Furthermore, people practice under visual deprivation 
by dimming the lights and by carrying a tray in front of the belly, taking away the 
sight at the feet. In a study by Bonan et al. (2004)18 it was reported that balance 
improved more after rehabilitation with visual deprivation than with free vision.
61
Ic h a p t e r  4
During the exercises on the obstacle course the participants not only 
practice physical skills, but they also learn to recognize situations with potential 
fall risk and they are taught adequate strategies to deal with these situations.
The walking exercises in a crowded environment involve many 
changes in speed and direction. In this way participants learn to react to their 
environment and to correctly time gait initiation and termination. The training of 
these exercises has a functional approach and simulates situations that can be 
recognized from daily living. In this way the exercises can easily be incorporated 
in the patients' daily routine.
Even though the main goal is to prevent the participants from falling, this 
cannot always be accomplished in real life. In order to prevent them from getting 
fractures, the participants learn techniques to fall safely in forward, backward 
and sideways directions. These fall techniques are based on the techniques 
as used in martial arts, in which protection of the head and rolling techniques 
are important. Martial arts techniques have been proven effective in reducing 
impact forces. Studies by Groen et al. (2007)19 and by Sabick et al. (1999)20 show 
a reduction in hip impact force, varying from 12% tot 26.7%, in experienced 
fallers (judoka's) performing a sideways fall from a kneeling position. Also in 
non-experienced fallers, a 30-minutes training in martial arts fall techniques has 
shown to reduce the hip impact force by 16%.21 In Figure 2 the practice of a 
sideways and a backward fall technique is shown.
I
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Figure 2: Training of fall techniques: sideways and backward fall.
The basic principle of the 'NFPP' is that the exercises can be easily generalized 
to daily activities of the participants. The didactic starting point of the program is 
learning by experience: participants learn by practicing the different components 
in a group. By evaluating and discussing their experiences they are able to learn 
from each other.
Adjustment of the Original 'NFPP'
Initially the existing falls prevention program had to be evaluated to decide 
whether it was safe for persons with osteoporosis. This was primarily relevant 
for the practice of fall techniques. To determine whether all fall exercises of 
the 'NFPP' were safe for persons with osteoporosis, the impact forces on the 
hip were measured in a group of 10 young adults, when they performed the 
different exercises on a large force plate (1.2 by 1.2 m) covered with the same 
safety mats as used during the training (a thin judo mat (4cm) and a thicker 
safety mat (40cm)). We compared the maximum impact forces as measured for
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the different exercises with the mean femur fracture threshold for elderly women 
(3100 N, standard deviation (SD): 1200N).22 The average attenuation of the peak 
impact force caused by soft tissue is 15% in elderly women,22, 23 but for extra 
safety we lowered this to 10%. For an exercise to be included in the program, 
the maximum impact force measured, minus 10% for soft tissue padding, had to 
be lower than 1900N (the fracture threshold minus one SD).
The results of this study showed that falling forward from standing 
height may not be safe for persons with osteoporosis.24 As a consequence, 
this exercise was excluded from the falls prevention program for persons with 
osteoporosis. Furthermore, if forward and sideways fall exercises are performed 
from a kneeling position a thick safety mat (40 cm) should be used to meet 
the mentioned safety criteria. For extra safety the participants have to wear hip 
protectors (KPH®) during the training of fall techniques. These hip protectors 
are designed to shunt the energy of an impact away from the greater trochanter 
to the soft tissues anterior, posterior and superior to the proximal femur and to 
absorb part of the energy of an impact on the hip. The KPH® hip protectors have 
shown to be effective in impact force attenuation in sideways falls.2225
Adding Components to the 'NFPP'
To develop a falls prevention program that is beneficial and suitable for persons 
with osteoporosis a multidisciplinary team was instructed to form a multi-modal 
falls prevention program for persons with osteoporosis based on the available 
literature, guidelines and best practice. The falls prevention program had to 
contain a maximum of 10 exercise sessions and 1 introductory session and the 
didactic approach (learning by experience) of the 'NFPP' had to be guaranteed. 
Furthermore, additional items that were suggested by the team had to be forms 
of exercise that could be easily included in daily activities of the participants.
The team consisted of a rheumatologist, occupational therapists, physical 
therapists and movement scientists, who decided to add a few components to 
the program that were expected to enhance the efficacy of the program for 
persons with osteoporosis, as based on the current literature.
The program starts with an educational session in which participants 
are informed about osteoporosis and the importance of compliance with
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bisphosphonates, which is the standard treatment after the diagnosis has been 
reached.26-28 They are also informed on how exercise can play a role in the 
prevention of falls and fractures. In two supplementary educational sessions 
the participants are informed by occupational therapists about recognition of 
dangerous circumstances in the living environment. Fall dangerous situations 
are simulated in different rooms like the kitchen, bathroom and living room. 
Participants are asked to name these fall dangerous situations and reflect on 
possible solutions to avoid or eliminate them. In a study by Day et al. (2002)6 
modifications of home hazards showed an additional effect, albeit small, to an 
exercise program in preventing falls. Also in other studies home modifications 
facilitated by occupational therapists have been shown to reduce the risk of 
falling among older persons with a fall history who live at home.29
In addition to the educational sessions, the multidisciplinary team 
also decided to add two physical therapy components to the intervention: the 
correction of gait abnormalities and weight-bearing exercises.
Gait abnormalities are risk factors for falling. Fallers more often show 
reduced push-off and a shorter step length compared to non-fallers. Furthermore, 
fallers generally show less mediolateral sway, smaller ankle plantar flexion 
angles and torques and smaller peak hip extension angles during walking.30-32 
Therefore, the walking pattern of the participants of the falls prevention program 
is optimized. During the first session the, non-structural, kyphotic posture is 
corrected, trunk rotation is normalized and arm sway is enhanced. The aim of the 
following sessions is to improve push-off and loading response and to enhance 
extension of the hip and knee in stance, by manual and verbal facilitation of the 
physical therapist.
To reduce further bone loss, weight-bearing exercises are included 
in the program. Weight-bearing exercises are associated with a small but 
significant improvement in bone mass density,33 when the impact intensity is 
high enough.34-36 Only few repetitions are necessary36 and the required stimuli 
can easily be fitted into daily activities. For example, in older adults brisk walking 
and climbing the stairs seem suitable to improve bone strength.37
Fitting in the weight bearing exercises in daily living is important because 
this component cannot yet accomplish lasting effects during the short period of
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the training. Therefore the participants are instructed to do these weight-bearing 
exercises for at least 30 minutes a day after the program has ended.38 In addition, 
to continue the improvement in quality of gait it is important for the participants 
to fit in the new knowledge and exercises in their daily routine. In this way the 
exercises and received information are expected to have a continued effect after 
the program has finished. The importance of applying the new information and 
exercises in daily living is strongly emphasized during the training.
The final falls prevention program for persons with osteoporosis consists 
of 11 sessions, 2 times a week, in groups of 10 participants. The trainers of the 
program are skilled occupational and physical therapists. The content of the falls 
prevention program is presented in appendix I.
Evaluation of the Multi-Modal Falls prevention Program 
for Persons with Osteoporosis
The new falls prevention program for persons with osteoporosis was evaluated 
to determine whether the program was performable, suitable and informative 
for the participants and whether it was within their abilities. After the program, 
all the participants received a standardized questionnaire in which they were 
asked to evaluate the different components of the program. For each component 
they were asked whether they judged that specific component informative and 
pleasant. Furthermore they were asked to judge the time spent and the guidance 
per component (too little, good or too much). In this questionnaire they were 
also asked whether participation to the program had made them feel less at risk 
of falling and whether their fear of falling had decreased.
Thirty-one persons with osteoporosis have participated in the falls 
prevention program thus far (26 female, 5 male, mean age (SD)= 70.1(4.8)). 
Attendance at the different sessions of the program was high: 91.6%. There 
were no dropouts and no adverse physical effects were reported both during 
and after participation to the program.
All participants received the questionnaire, 30 of which were returned. 
The results of this evaluation (Table 1) were positive.
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Table 1: Evaluation of the falls prevention program for persons w ith  osteoporosis
Component Informative Time spent Guidance Pleasant
Yes (%) Good (%) Good (%) Yes (%)
General introduction 97 93 n.a. 84
Obstacle course 97 83 100 76
Practice o f fall techniques 100 65 100 60
Walking exercises 73 75 97 82
Correction o f gait 
abnormalities
100 67 100 93
W eight bearing exercises 100 68 93 85
Educational sessions 93 85 n.a. 81
n.a. = not applicable
Almost all participants judged each of the different components as 
informative. The walking exercises in a crowded environment were judged least 
favorable, but 73% of the participants still judged this component as informative.
The time per component was generally evaluated positively. For 
'correction of gait abnormalities' and 'the practice of fall techniques' the 
participants reported that they would have liked to spend some more time on 
these components.
The guidance during the different components of the program was 
judged positively. In general, all the participants considered the program to be 
a recommendation for other persons with osteoporosis. Furthermore, almost 
everyone felt less at risk for falling (89%) and most of the participants reported 
reduced fear of falling after the program (85%).
All the components of the falls prevention program for persons with 
osteoporosis were evaluated as pleasant by most of the participants. The practice 
of fall techniques was least often reported to be pleasant, probably because the 
participants noted this as the most difficult component of the program. However, 
since all the participants thought the practice of fall techniques was informative, 
this seems to be an important part of the program.
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Summary
In this chapter the development of a safe and suitable falls prevention program 
for persons with osteoporosis is described. For this program the original 
Nijmegen Falls Prevention Program, 'NFPP', for healthy elderly persons was 
used as a starting point. In the original 'NFPP', persons with osteoporosis were 
excluded because it was uncertain whether the program was safe for this target 
group. Therefore there was a need to determine whether the practice of fall 
techniques was safe for persons with osteoporosis. Impact force measurements 
of the different exercises resulted in the adjustment of this component of the 
falls prevention program. From the experiences so far it can be concluded that 
the adjusted fall exercises were safe indeed, since no adverse physical effects 
were reported during or after the program.
Furthermore, a multidisciplinary team included components to the falls 
prevention program. Participants evaluated the falls prevention program for 
persons with osteoporosis as performable, informative and pleasant. Because all 
components of the program were safe and were evaluated positively, the adjusted 
falls prevention program for persons with osteoporosis will be continued in this 
form. The efficacy of the program will be evaluated by means of a randomized 
clinical trial (RCT) with fall incidence as the primary outcome measure.
This falls prevention program for persons with osteoporosis differs from 
previous programs, in that it is of a relatively short duration, has a low intensity 
and it is based on a program that has already proven to be effective in healthy 
elderly persons. Furthermore, the program consists of both falls prevention 
items and the training of fall techniques, combined with components that are 
expected to be specifically suitable and beneficial for persons with osteoporosis. 
During the exercises, daily activities are simulated and manipulated by cognitive, 
motor and visual dual tasks. Because of this functional approach of the training 
the exercises can easily be translated to activities of daily living and thus be 
incorporated in the patients' daily routine. It is expected that when these exercise 
become a daily routine they will result in enhanced functional outcomes.
Because the present falls prevention program for persons with 
osteoporosis received a positive evaluation by the participants, this falls
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prevention program is expected to be beneficial for persons with osteoporosis. 
It is expected that falls will be prevented, participants will learn to fall safely 
and consequently serious injuries will be prevented. In this way mobility and 
independence of persons with osteoporosis will be improved and medical costs 
will decrease.
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Conclusion
A safe falls prevention program for persons with osteoporosis was developed 
based on a program for healthy elderly persons ('NFFP'). The practice of fall 
techniques was adjusted to make the falls prevention program as safe as possible 
for persons with osteoporosis. In addition, new components were added to make 
this program more specific for persons with osteoporosis. The multi-modal falls 
prevention program consists of educational sessions, an obstacle course, walking 
exercises in a crowded environment, the training of fall techniques, correction 
of gait abnormalities and weight-bearing exercises. Participants evaluated the 
program and its effects positively. This program, which will be evaluated in a 
RCT, is expected to bring about health benefits for persons with osteoporosis as 
well as cost reduction for medical care.
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Appendix 1: Content Falls prevention Program fo r Persons w ith Osteoporosis
Session Content Min.
/ Educational session Education fo r osteoporosis, m edication, physical activity and falls prevention 60
2 Correction o f ga it abnorm alities Trunk extension and rotation, arm swing 45
Obstacle Course uneven pavement, s lo p e s ,, narrow  passages, various ground surfaces, doorsteps, stepping 
stones, transfer from  stance to kneeling position, reaching, standing up from  low  chair 
w ithou t arm use
90
3 Training o f fa ll techniques Trunk stability w hile sitting, falling sideways from  a sitting position, safely stand up from 
ground.
45
Weight bearing exercises Brisk walking 15
Walking exercises Various exercises w ith changes in speed and direction, including gait initiation and 
term ination
30
4 Correction o f ga it abnorm alities Plantar flexion of the ankle in late stance and flexion o f the knee in early stance 45
Obstacle Course M otor dual task: walking in pairs, holding a stick; visual deprivation: walking w ith  dimmed 
light; cognitive dual task: count 1 specific sound in a piece of music
90
5 Educational session Sim ulation o f dangerous fall situations in the living room , kitchen and to ile t 60
Training o f fa ll techniques Trunk stability w hile sitting, falling sideways and backwards from  sitting position, rolling 
exercises to prepare fo r forward fall
45
Weight bearing exercises Lifting strategies 15
Walking exercises Various exercises w ith changes in speed and direction, including gait initiation and 
term ination
30
Correction o f ga it abnorm alities  Extension o f hip and knee in mid and late stance 45
Obstacle course M otor dual task: walking w ith  a serving tray; cognitive dual task: listening to a story w hile 90
walking on the obstacle course
Training o f fa ll techniques
Weight bearing exercises 
Walking exercises
Falling sideways and backwards from  sitting position, falling sideways and forwards from  45 
kneeling position
Walking stairs 15
Various exercises w ith changes in speed and direction, including gait initiation and 30
term ination
Correction o f ga it abnorm alities  Knee extension in late swing 45
Obstacle course  Different arrangem ent o f the obstacles; visual deprivation: walking w ith dim m ed light; m otor 90
dual tasks: walking w ith  serving tray w ith  cups, walking w ith  umbrella and a filled bag
Educational session 
Training o f fa ll techniques
Weight bearing exercises 
Walking exercises
Sim ulation o f dangerous fall situations in the bedroom  and bathroom 60
Falling sideways and forwards from  kneeling position, falling backwards from  standing 45 
position
Reaching (extension o f the spine) 15
Various exercises w ith changes in speed and direction, including gait initiation and 30 
term ination
10 Correction o f ga it abnorm alities  Rehearsal o f the various exercises 45 
Obstacle course M otor dual task: walking w ith  serving tray, walking w ith  a hockey stick and ball; cognitive 90
dual task: count one specific sound in a piece of music
11 Training o f fa ll techniques  Falling sideways and backwards from  kneeling and standing positions, falling forwards from  45
kneeling position
Weight bearing exercises Rising from  a chair, rehearsal o f the various exercises 15
Evaluation Evaluation o f the total program 30
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The efficacy of a short multidisciplinary falls 
prevention program for elderly persons with 
osteoporosis and a fall history: a randomized 
controlled trial.
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The efficacy of a short m ultid iscip linary falls prevention program for elderly persons 
w ith  osteoporosis and a fall history: a randomized controlled trial.
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Introduction
Fall-related fractures are a major health problem. One in 3 persons aged 65 years 
and over falls at least once a year1-3 and approximately 5% of these falls result 
in fractures4. Persons with osteoporosis are particularly at risk for fall-related 
fractures because of their decreased bone strength. These fractures increase 
morbidity and mortality5 and have psychosocial consequences, like fear of 
falling6 and loss of independence7.
Until now, treatment of osteoporosis, in an attempt to prevent fractures, 
mainly focused on pharmaceutical interventions. Because falls are the leading 
cause of fractures, falls prevention programs for persons with osteoporosis also 
are expected to be beneficial.8 A recent review concluded that exercise training 
focusing on muscle strength, balance and weight-bearing would be most helpful 
in reducing the risk for falls and fractures in persons with low bone mineral 
density (BMD).9 Only a few studies could be identified that directly investigated 
the efficacy of falls prevention programs in this population.10-12 These studies 
found improved balance, mobility, and fall risk score and decreased fall rates 
during the intervention. However, these interventions had long durations (25 
weeks to 30 months), and none of these studies measured the efficacy of the 
program on fall rates assessed prospectively after the intervention had ended. 
Therefore, there was a need for a study investigating the effects of a short-term 
falls prevention program for persons with osteoporosis during a follow-up period 
after the intervention by means of prospective monitoring of falls.
In the general elderly population several exercise programs have shown 
to be effective in preventing falls and fall-related injuries.13-16 Multi-component 
exercise interventions targeting various aspects of mobility are most effective 
in decreasing fall rates.14 One example of such a multicomponent program is 
the 'Nijmegen Falls Prevention Program' (NFPP), which consists of an obstacle 
course, walking exercises and the training in fall techniques. The program 
comprises only 10 sessions (5 weeks) and resulted in a 46% decrease in fall 
rates.17 This program is unique since it not only focuses on falls prevention, but 
the participants also learn fall techniques, based on martial arts, to fall as safe
_______________ E F F I C A C Y  OF A  FALLS  P RE V E N T I O N  P R O G R A M  FOR P E R S O N S  W I T H  O S T E O P O R O S I S
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Ias possible to decrease injuries. For safety reasons, persons with osteoporosis 
were excluded from this program.
The aim of the present study was to determine whether a short falls 
prevention program for persons with osteoporosis is effective in decreasing 
the number of falls in a randomized controlled design. For this purpose, the 
NFPP was adjusted to meet the specific demands and constraints of persons 
with osteoporosis.18 The primary outcome measure in this study was fall rate, 
prospectively registered in the year following the intervention. Secondary 
outcomes included balance confidence, activity level, quality of life (QOL), and 
BMD at the hips and lower back.
Methods
Participants and study design
Persons older than 65 years with osteoporosis (by means of Dual Energy X-ray 
Absorptiometry (DXA), T-score < -2.5 at femoral neck or lower back) and a 
fall history (at least 1 fall in the previous year) were eligible for the study. A 
fall history is the most important predictor for future falls.1920 Because of the 
nature of the intervention, participants had to be able to walk at least 15 minutes 
without a walking device. Exclusion criteria were severe cardiac, pulmonary or 
musculoskeletal disorders or pathologic states associated with a higher fall risk 
(e.g. neurological disorders).
Participants were recruited in 3 ways. First, DXA measurements 
performed at the outpatient clinics of the Rheumatology departments of the Sint 
Maartenskliniek and the Radboud University Nijmegen Medical Centre in the 
previous year were screened for eligible patients (T-score < -2.5). Second, a direct 
mailing was sent to members of the Dutch Osteoporosis Patient Council. Third, 
advertisements were placed in local newspapers. When persons responded to 
these advertisements it was first verified whether they had been diagnosed in 
the past. If not, DXA was performed.
After a baseline assessment M1, the researcher performed block 
randomization, using non-see-through envelopes. The probability of allocation 
to the exercise group was independent of recruitment method. Subsequently,
C H AP T E R  5_______________________________________________________________________________________________
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the exercise group participated in the NFPP for persons with osteoporosis, 
whereas the control group received no intervention but maintained usual care 
(e.g. medication, regular physical therapy). After the program had ended the 
second assessment took place at M2 followed by an assessment after 1-year 
follow-up at M3.
This study was conducted in agreement with the Declaration of Helsinki 
and was approved by the Medical Ethics Committee for the region Arnhem­
Nijmegen. All participants gave written informed consent prior to participation.
Program
The NFPP for persons with osteoporosis was composed during 6 consensus 
meetings by a multidisciplinary team of physical therapists, occupational 
therapists, researchers and rheumatologists. Fall techniques of the original NFPP 
were evaluated for the peak impact forces involved, on the basis of which the set 
of exercises was adjusted to ensure their safety for persons with osteoporosis.21 
The NFPP for persons with osteoporosis had the 6 elements of education, an 
obstacle course, walking exercises, weight-bearing exercises, correction of gait 
abnormalities, and the training in fall techniques.18 The program consisted of 
11 sessions during 5.5 weeks and is described in more detail in Appendix 1 of 
Chapter 4. The program was provided by experienced physical and occupational 
therapists trained in the background, methods, and techniques of the program.
Measurements
Falls were registered prospectively during a 1-year follow-up period. Balance 
confidence, activity level, and QOL were assessed at M1 and post-treatment 
(M2, M3). DXA of the hips and lower back was performed at M1 and M3.
Fall rate
The primary outcome measure of this study was fall rate (average number of 
falls per person per year). After the intervention had ended, the participants 
registered their falls for 1 year on fall calendars that had to be returned every 
month. On this calendar, participants wrote down whether fall(s) had occurred in 
the past month. If so, they indicated when it occurred, gave a short description of
79
the fall(s), and reported injuries. That information was used to determine whether 
the reported fall met the common definition of a fall, which is an unexpected 
event in which the participant comes to rest on the ground, floor or lower level. 
This method to monitor falls is recommended by the Prevention of Falls Network 
Europe.22 Fall calendars were scored by an independent researcher who was 
blinded to group allocation. When no fall calendar was received within 2 weeks 
after the start of the month the participant was reminded by phone.
Balance Confidence
The short version of the Dutch translation of the Activity-specific Balance 
Confidence (ABC) scale was completed at home by the participants to determine 
balance confidence.23-26 The short-ABC has proven to be a valid and reliable 
measure that assesses balance confidence rated for 6 activities of daily living 
with a minimum score of 0% (no confidence) and a maximum score of 100%.25 
Mean score over the items was used in statistical analysis.
Activity level
Activity level was measured in 2 ways. First, participants' activities were assessed 
in a structured interview using the LASA Physical Activity Questionnaire 
(LAPAQ).27 Participants were asked how much time they had spent in the previous 
2 weeks walking outside, bicycling, gardening, light household activities, heavy 
household activities, and sports. Each item was scored in terms of frequency 
and duration. Total score for the LAPAQ (range 0-420; higher scores reflect 
higher levels of activity) was used for analysis.
Furthermore, activity level was assessed using a pedometer (Yamax 
Digi-walker, SW-650) to measure the number of steps a day for 7 subsequent 
days. Participants were instructed to wear the pedometer during all waking 
hours. When the number of steps on 1 day was less than 20% or more than 
180% of the mean value of that specific person, this day was considered not 
representative and excluded from further analysis. Mean number of steps a day 
was used in statistical analysis.
c h a p t e r  5_______________________________________________________________________________________________
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Quality o f life
Participants completed the QUALEFFO-41 (Quality of life questionnaire of the 
European foundation for osteoporosis) at home to assess QOL.2829 The 41 
questions of the QUALEFFO-41 cover the 5 domains of pain, physical function, 
leisure and social function, general health perception, and mental function. A 
score varying from 0% (high QOL) to 100% (low QOL) could be determined by 
using a standardized calculation method. The total score of the QUALEFFO-41 
was used in statistical analysis.
Bone density
DXA (GE, Lunar Prodigy) was performed at M1 and M3 to determine the severity 
of osteoporosis based on T-scores for the hips and lower back. Measurements 
were performed by trained nurses who were blinded to group allocation.
5
Statistical Analysis
Fall rates were analyzed according to the intention-to-treat principle. To evaluate 
the efficacy of the intervention, the incidence rate ratio (IRR) was calculated by 
dividing the fall rate of the exercise group (FRex) by the fall rate of the control 
group (FRcon). The 95% Confidence Interval (CI) was calculated according to the 
formula for Poisson-distributed data: FR /FR * e ± 1.96*^ (1/FALLex+1/FALLcon), whereex con
FALL and FALL are the observed number of falls in the exercise and controlex con
groups.30 The a priori sample size calculation for Poisson-distributed data was 
based on the fall rates reported by Weerdesteyn et al.17 The initial fall rate in 
this study was 1.77 falls/person-year. To show a 35% decrease in fall rate with 
a 2-tailed a of 0.05 and power (1-beta) level of 0.8, at least 33 participants were 
required in each study arm.
Results for balance confidence, activity level and QOL were analysed 
using repeated-measures ANOVAs, with time (M1-3) as a within-subjects factor 
and group (exercise and control) as a between-subject factor. DXA scores were 
compared for the hips and lower back separately by using repeated measures 
ANOVAs, with the within-subjects factor 'Time' (M1,M3) and 'Group' as between- 
subject factor. Post hoc analyses were performed using Students t tests (a=0.05).
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Results
Between December 2005 and March 2008, of 197 persons who applied for 
participation, 101 were excluded for the study. The remaining 96 participants 
were randomly assigned to the exercise (n = 50) or control group (n=46). 
Patient flow  through the study is shown in figure 1. Table 1 lists participants' 
characteristics. Groups were similar all baseline values.
Figure 1: Flow chart o f the participants o f the study
I
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Table 1: Participants' baseline characteristics
Characteristic Exercise group 
(n = 50)
Control group 
(n=46)
p-value
Age (years) 70.5 (5.0) 71.6 (4.4) 0.219
Female:Male 45:5 45:1 0.206
W eight (kg) 67.7 (10.6) 65.2 (9.1) 0.237
Height (cm) 165.1 (7.8) 162.2 (7.1) 0.072
Use o f bisphosphonates (%) 62.5 71.7 0.507
Number o f com orbidities 1.2 (1.1) 1.3 (1.0) 0.560
Number o f medications used 2.5 (1.8) 2.4 (1.7) 0.438
Values expressed as mean (SD), % or number
Attendance
Attendance at the NFPP for persons with osteoporosis was high; 92.8% of the 
total number of sessions was attended. More than half (53.2%) of the participants 
did not miss a session. No adverse effects of training were reported.
Primary outcome: Fall rate
Fall rates are listed In Table 2. Two persons in the control group were not able to 
complete the entire follow-up period for medical reasons unrelated to the study. 
Their fall registration (3 and 9 months) was used in the analysis. In approximately 
5% to 10%, it was necessary to remind the participant by telephone. This resulted 
in a 100% return rate of the fall calendars.
Table 2: Fall rate o f the exercise and control groups during 1-year fo llow -up
Variable Exercise group (n=47) Control group (n=45) 95% CI
Number o f Falls 34 52
Fall rate (falls/person year) 0.72 1.18 0.40-0.94
Fall rates of participants in the exercise group were 39% lower than 
those in the control group (falls IRR= 0.61; 95% CI 0.40-0.94). A t least 1e fall 
was reported by 21 (45%) persons in the exercise group and 23 (51%) persons 
in the control group. Hence, the proportion of fallers was slightly lower in the
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Iexercise group, but this difference was not significant. A larger number of major 
injuries were reported by the control group, albeit not significant because of the 
small numbers (x2, p=0.486) (Table 3). In the control group, 2 hand fractures, 
1 vertebral fracture, 1 concussion, and 1 wound that needed suturing were 
reported as consequences of a fall during the follow-up period. In the exercise 
group 1 person reported a vertebral fracture.
C H AP T E R  5_______________________________________________________________________________________________
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Table 3: Fall-related injuries in the exercise and control groups during 1-year fo llow -up
Variable
Exercise group 
(34 falls)
C ontro l group 
(52 falls)
Falls w ithou t injuries 14 (41) 19 (37)
Falls w ith m inor injuries (bruises, pain, 
contusion, scrapes, little  wounds)
19 (56) 28 (54)
Falls w ith major injuries (fractures, 
concussion, w ounds tha t needed suturing)
1 (3) 5 (10)
Values expressed as n (%).
Secondary outcomes
Results of questionnaires and pedometer and DXA-measurements are listed in 
Table 4.
I
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Table 4: Mean values fo r questionnaires (M1, M2, M3) and DXA measurements (M1,M3) 
fo r the exercise and control groups
Baseline M1 Post Program 
M2
Follow-up
M3
p-values
Short ABC Scale (%) 
Exercise (n=44) 54.3 (19.7) 61.5 (17.3) 61.9 (16.9) 0.038
Control (n=40) 55.5 (22.1) 60.1 (19.8) 55.5 (22.8)
LAPAQ score 
Exercise (n=43) 107.8 (39.1) 113.5 (33.4) 109.6 (35.9) 0.819
Control (n=41) 110.2 (30.9) 121.3 (34.4) 115.3 (37.5)
Pedometer (nr. o f steps) 
Exercise (n=43) 7446 (2807) 7704 (2864) 7074 (3144) 0.917
Control (n=39) 6854 (2826) 6951 (2937) 6327 (2991)
QUALEFFO-41 (%) 
Exercise (n=46) 25.2 (10.0) 25.4 (10.9) 26.2 (10.6) 0.135
Control (n=37) 28.7 (10.9) 26.3 (10.6) 27.3 (11.0)
DXA (T score)
Low back Exercise (n=45) 
Control (n = 38) 
Hips Exercise (n=38) 
Controls (n=37)
-2.47 (1.02) 
-2.21 (0.96)
-2.16 (1.10) 
-2.14 (0.91)
0.070
-1.86 (0.81) 
-1.91 (0.66)
-1.82 (0.74) 
-1.91 (0.63)
0.498
Values expressed as mean 
interaction effect.
(SD). P values describe the tim e x group
Balance confidence
Analysis of the short ABC Scale scores, which were available for 84 participants, 
yielded a significant time x group interaction effect (F281 = 3.415; p=0.038). 
Balance confidence in the exercise group increased by 13.9% (p=0.001) at 
M3 compared to M1. Balance confidence in the control group did not change 
significantly (p=0.982).
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IActivity level
For 84 participants, LAPAQ scores were available for all 3 measurements. The 
results showed no significant differences between the 2 groups (time x group, 
F281 = 0.200; p=0.819).
Pedometer data for all 3 measurements were available for 82 persons. 
A significant time effect (F279=4.197, p=0.019) was observed, with an increase 
in activity levels at M2 compared with M1 and a subsequent decrease at M3. 
However, the exercise program had no differential effect on the number of steps 
(time x group, F279=0.087; p=0.917).
Quality o f life
QUALEFFO-41 results were available for 83 participants. There were no 
differences between the groups as a result of the exercise program (time x 
group, F280=2.051; p=0.135).
Bone density
Seven persons from the control group and 2 persons from the exercise group 
were not able or willing to undergo the follow-up DXA. Furthermore, in 2 
persons (1 in each group), it was impossible to obtain a DXA measurement of 
the hips because of bilateral hip replacement surgery. Results for the remaining 
participants showed a significant time effect for the DXA measurement of the lower 
back (F181 = 9.674; p=0.003) and a borderline significant time x group interaction 
(F181 = 3.374; p=0.070). Post hoc t tests showed a significant improvement in 
lower back T-scores in the exercise group (p=0.002), which was absent in the 
control group (p=0.34). No effect was found for the DXA measurements of the 
hips (time x group, F179=0.465, p=0.498).
Discussion
Results of this study show that the 5.5-week NFPP for persons with osteoporosis 
was effective in decreasing the fall rate. The prospectively measured fall rate 
during the 1-year follow-up was 39% lower in the exercise than in the control 
group. These findings are in line with other studies, suggesting that falls prevention
C H AP T E R  5_______________________________________________________________________________________________
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programs could be beneficial for persons with osteoporosis.10-12 However, for the 
first time, the efficacy of such a program was confirmed in a prospective study 
monitoring falls during a follow-up period after the intervention had ended.
The ultimate aim of prevention of falls is a decrease in the number of 
fall-related injuries. Previous studies121631-33 have shown that prevention of falls 
decreased the number of fractures and other injuries. In the present study, falls 
in the control group resulted in 5 major injuries, whereas only 1 was reported 
in the exercise group. In our study, training in fall techniques was included for 
the first time in a falls prevention program for persons with osteoporosis, which 
also may have resulted in a decrease in fall severity. However, the sample size 
was too small to be able to conclude that the differences in numbers of major 
injuries could be attributed to the intervention. Future studies with larger sample 
sizes are needed to confirm the potential benefits fall technique training for the 
prevention of fall-related injuries.
Another effect of the intervention was the increase in balance confidence 
in the exercise compared with the control group, which was particularly 
relevant given the low ABC Scale scores at baseline.2325 The increase in balance 
confidence is in line with several other studies that showed improvement in 
fear of falling as an outcome measure of interventions to prevent falls and fall- 
related fear.34-36 These findings provide important arguments against a concern 
that recently has arisen concerning the mechanisms underlying the effects of 
falls prevention programs. It was suggested that such interventions may raise 
awareness and increase fear of falling in participants.37 Fear of falling can lead 
to reduced physical activity,38 which may decrease the exposure to challenging 
situations and therefore decrease the risk of falls. Furthermore, fear of falling 
and decreased physical activity have a negative effect on QOL.37 In the present 
study, the improved balance confidence in the exercise group combined with 
the absence of unfavorable effects on physical activity levels and QOL showed 
that no such mechanism has been at work.
With respect to QOL and physical activity levels, no beneficial effects 
of the exercise program could be shown. Compared with previously reported 
LAPAQ scores in a sample of community-dwelling elderly persons,27 baseline 
physical activity of our participants was high. This was confirmed by the number
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Iof steps a day measured using the pedometer. In a recent meta-analysis, the 
mean number of steps a day in adults aged 65 years and older was 6565,39 which 
is lower than the baseline number (~7150) in our study. The QUALEFFO-41 also 
yielded relatively high baseline QOL scores in our participants compared with 
another sample of persons with osteoporosis.28 These findings suggest that for 
the domains of physical activity and QOL, a ceiling effect was found and that our 
participants could not substantially gain as a result of the intervention.
An unexpected observation of the present study was the tendency to 
improvement in lower back T-scores in the exercise group, which was absent in 
the control group. It is unclear whether this can be attributed to the program and 
we can only speculate about the underlying mechanisms. Our falls prevention 
program included weight-bearing exercises, which are associated with a small 
but significant improvement in bone mass density,40 when the impact intensity 
is high enough.41 Although our program was too short to induce such an effect, 
participants were encouraged to continue performing these exercises after 
the intervention had ended. Another possible explanation is that the working 
mechanism of the commonly prescribed medication (i.e. bisphosphonates 
in most cases) was explained during the introductory educational session 
and the importance of compliance was strongly emphasized. As described in 
Table 1, most participants used bisphosphonates at the start of the study. The 
educational session may have resulted in higher levels of compliance in the 
exercise compared to the control group and consequently a more pronounced 
effect of the medication on BMD. However, hip BMD values did not show similar 
changes. More research is needed on the effects of our program on BMD.
For our study we used a subpopulation of persons with osteoporosis 
with a fall history and it therefore was not possible to include a large number 
of persons. The study was designed and well powered to detect differences in 
fall rates between the exercise and control group, but a larger sample size is 
required to detect differences in the number of fallers and injuries. In a recent 
meta-analysis by Sherrington et al.42 (2005), small sample size bias was not found 
when falls were used as outcome measure in studies on exercise interventions. 
Furthermore, meta-analysis showed that studies with sample size magnitude
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similar to ours were sufficient to detect differences regarding falls in patient 
categories.42
Conclusion
Because results show that the NFPP for persons with osteoporosis was effective 
in decreasing the number of falls and increasing balance confidence without 
negative impact on activity level and QOL, it is concluded that it is a valuable 
new tool for the prevention of falls in elderly persons with osteoporosis and a 
fall history.
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Does osteoporosis predispose falls? A study on 
obstacle avoidance and balance confidence
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Introduction
Osteoporosis is a disease which is characterized by a decrease in bone mass 
density and a disruption of the normal trabecular architecture, which reduces 
the bone strength. The estimated prevalence of osteoporosis in the Netherlands 
is 5% in men and 17% in women aged 55 and over.1 This is comparable with the 
prevalence of osteoporosis in the USA.2 Because of their lower bone strength 
persons with osteoporosis have a higher risk of fall-related fractures. There are, 
however, several osteoporosis-related factors that may further add to the risk of 
fractures because of their effect on the risk of falling.
One such factor is fear of falling. Fear of falling is known to be related to 
a decrease in physical and mental performance, and to higher risk of falling.34 
In a study by Sinaki (2005), persons with osteoporosis reported significantly 
more fear of falling, measured with the Falls-Efficacy Scale (FES), than healthy 
controls.5 Previous studies have shown that in women with osteoporosis or low 
bone mass increased fear of falling is associated with more falls,6 and balance 
confidence is related to measures of balance and mobility.7
Another factor that contributes to the risk of falling relates to vertebral 
fractures, which are quite common in persons with osteoporosis. The prevalence 
of vertebral fractures is 25% in Caucasians aged 70 and over.8 The prevalence 
is likely to be even higher because these fractures can occur w ithout pain and 
are therefore not always diagnosed.9 Vertebral fractures cause a change in body 
posture due to increased kyphosis of the thoracic spine, which is associated with 
decreased muscle strength in the back and lower extremities.510 Furthermore, 
the change in posture causes a forward displacement of the centre of mass 
of the trunk, which imposes greater demands on balance recovery following 
a disturbance.511 Indeed, increased kyphosis is related to postural instability,12 
which is demonstrated by an increased postural sway,1314 and the use of different 
balance strategies in persons with osteoporosis compared to healthy controls.13
In addition to these deficits in postural balance during quiet standing 
tasks, persons with osteoporosis have also been reported to have reduced 
dynamic stability when crossing an obstacle during walking.5 This challenging 
gait task is of great interest since most falls occur during walking, and tripping
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over obstacles is one of the most common causes of falls.1516 In previous 
research it was shown that elderly persons have reduced responses with later 
onset when stumbling over obstacles.17 From this it was concluded that deficits 
in obstacle avoidance skills in elderly persons may represent an important fall 
risk. For this reason an obstacle avoidance task has been developed and was 
tested on young and elderly subjects.1819 The results clearly demonstrated a 
deterioration in obstacle avoidance skills with age.19 Furthermore, it was shown 
that older recurrent fallers were less successful in avoiding obstacles than non- 
fallers.19 It may be hypothesized that, due to their dynamic instability, persons 
with osteoporosis are also more prone to hitting obstacles and, consequently, 
to falls in daily life. However, in the study of Sinaki et al.,5 it was not reported 
whether the persons with osteoporosis failed more often in avoiding the obstacle 
than did the healthy controls. Furthermore, a disadvantage of studying obstacle 
avoidance performance during walking over ground is that participants adopt 
a slower more conservative gait before obstacle crossing,20 which contributes 
to increased body sway. Therefore, there is a need to study success rates in 
obstacle avoidance skills in persons with osteoporosis, while they walk at a fixed 
velocity.
The aim of this study was to investigate whether obstacle avoidance 
ability is affected in persons with osteoporosis compared to a community sample 
of older adults (comparison group). Since introducing a time constraint is known 
to magnify disease-related impairments,21-23 a procedure were participants 
walk at a fixed velocity and have to avoid sudden obstacles is recommended. 
Furthermore, we examined whether persons with osteoporosis experience more 
fear of falling, by measuring their balance confidence, and we investigated the 
relationship between balance confidence and obstacle avoidance performance. 
In this way, we aimed to gain further insight into the mechanisms that may 
contribute to an increased fall risk in persons with osteoporosis.
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Methods
Participants
The participants of this study were community-dwelling older persons (n = 85) of 
at least 65 years of age with confirmed osteoporosis. All participants experienced 
at least one fall in the previous year and were able to walk 15 minutes without 
the use of a walking aid. Osteoporosis had to be diagnosed on the basis of a Dual 
Energy X-ray Absorptiometry (DXA) measurement (T-score <-2.5 at the femoral 
neck or lower back) either in the past or at the start of the study. Exclusion criteria 
were ophthalmic disorders, severe cardiac, pulmonary and musculoskeletal 
disorders, as well as neurological and/or orthopaedic pathologies associated 
with a high fall risk (e.g. stroke, Parkinson's disease or Rheumatoid Arthritis). The 
patients were enrolled from a larger study on the efficacy of a falls prevention 
program for persons with osteoporosis (trial registry number: NCT 00432692 
(clinicaltrials.gov)).24
Data from the community sample of elderly persons (n = 99) had been 
collected in a previous study using the same experimental methods.19 For this 
study the same in- and exclusion criteria were used, except that persons with 
confirmed osteoporosis were excluded from participation, however, no DXA- 
measurements were conducted at inclusion.
This study was approved by the medical ethical committee of the 
region Arnhem-Nijmegen and all participants gave written informed consent for 
participation
Obstacle avoidance task
The participants were instructed to avoid obstacles while walking on a 
treadmill (ENRAF Nonius, Type EN-tred Reha) at a fixed velocity of 3 km/hr, 
wearing comfortable shoes. This velocity was selected because it is known to 
be a comfortable walking speed for healthy older persons.25 The participants 
were secured by a safety harness, attached to the ceiling. Above the front of 
the treadmill a bridge was placed with an electro-magnet. The obstacle (40cm 
[length] x 30cm [width] x 1.5cm [height]) was held by the magnet in front of the 
left foot (Figure 1).
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obstacle. Two reflective markers were attached to the shoe on the left heel and 
hallux and a third marker was attached on top of the obstacle. Marker positions 
were recorded by a 6-camera 3D motion analysis system (Vicon, 100Hz). Before 
the experiment started the participants were given the opportunity to familiarize 
to treadmill walking and after that five practice trials of obstacle avoidance were 
performed.
Obstacle release was triggered by a computer (Weerdesteyn et al, 
200519). To determine the correct moment of obstacle release, the heel marker 
position was processed in real-time during the experiment. Algorithms were 
used to predict the next heel contact on the basis of the preceding steps. Based 
on this information the exact timing of obstacle release was determined. The 
obstacle was not released before a regular walking pattern had been achieved, 
which was defined as less than 50ms difference in stride duration between two 
consecutive strides.
During the experiment, the obstacle was released at different phases 
of the gait cycle. to create different levels of difficulty. In the used protocol, an 
important determinant for success in the obstacle avoidance task is the Available 
Response Time (ART). The ART is defined as the time between obstacle 
detection and the estimated moment of foot contact with the obstacle. When 
time pressure increases (shorter ARTs) more failures are made.26-28 The ART's 
are shorter for obstacles that are released near the end of the gait cycle. The 
experiment consisted of two series of 15 trials, in which the level of difficulty was 
randomly divided of the trials. The number of strides between two successive 
obstacle releases was variable so that the moment of obstacle release was not 
predictable.
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Figure 1: Experimental set up and schematic explanation o f some key concepts:
(Fig 1.1.) Experimental set up. In fron t o f the treadm ill a bridge w ith an electrom agnet 
is placed. The obstacle is attached to the magnet and w ill be released at different 
available response times.
(Fig 1.2.) Available response time (ART): the tim e between obstacle presentation and 
the predicted (unaltered) landing tim e o f the foot.
(Fig 1.3.) Short Step Strategy (SSS): additional foo t contact is made in fron t o f the 
obstacle prior to the actual crossing manoeuvre.
(Fig 1.4.) Long Step Strategy (LSS): the step during w hich the obstacle is presented is 
lengthened to cross the obstacle.
Figure 1 is adapted from: Schillings AM, Van Wezel BMH, Duysens J. J Neurosci Meth 67:11-17 and Den Otter 
AR, Geurts AC, de Haart M, Mulder T, Duysens J. Exp Brain Res 161:180-92
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IThe primary outcome measure was the obstacle avoidance success 
rate. During the experiment failures were noted by two observers. They were 
defined as contact of the foot with the obstacle. In case of disagreement the 3D 
recordings were checked to verify whether the foot had touched the obstacle. 
The success rate was determined by dividing the number of successful trials by 
the total number of trails. Consistent with the methods used in a previous study 
in the community sample of older adults19, success rates were calculated for 
ART categories of 200-250ms, 250-300ms, 300-350ms and more than 350ms.
As a secondary outcome on the task, we determined the strategy used 
to avoid the obstacle. Two strategies were used to avoid the obstacle. During 
a short stride strategy (SSS) the obstacle was avoided by shortening the stride 
before crossing and then crossing the obstacle in the next stride. During a 
long stride strategy (LSS) the obstacle is crossed by a lengthened stride. Prior 
research has demonstrated that an SSS is used in the majority of trials with short 
ARTs, whereas in the trials with long ARTs the LSS prevails.192829 This is due to 
the subjects' tendency to minimize the displacement of the foot from its original 
landing position.27 Our study was designed such that, based on this minimal 
displacement criterion, the expected strategy to avoid the obstacle was an SSS 
in 50% of the trials and an LSS in the other half of the trials.
Balance confidence
The short version of the Dutch translation of the Activity-specific Balance 
Confidence (ABC) scale was used to determine balance confidence.30-32 The 
short-ABC has proven to be a valid and reliable measure which assesses balance 
confidence rated for 6 activities of daily living with a minimum score of 0% (no 
confidence) and a maximum score of 100%.33 The mean score over the items 
was used in the statistical analysis.
Statistical analysis
The overall success rates over the four different ART categories were compared 
between the two groups by means of a multilevel mixed-effects linear regression 
model.
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From previous research it is known that increasing age negatively 
associated with obstacle avoidance success rates with an average decline of 
1.5% per year.19 The effect of sex on the obstacle avoidance task is not reported 
before, but both variables were included in the model to account for possible 
confounding. Furthermore, it was analysed whether these variables affected 
group outcomes (effect modification) by including the interaction effects 'Age' x 
'Group' and 'Sex' x 'Group' in the model.
Strategy distribution and the scores on the short-ABC were compared 
between the persons with osteoporosis and the comparison group by means 
of an univariate general linear model, with 'Group' as fixed factor and 'Strategy' 
or 'ABC-score' as dependent factor. 'Age' and 'Sex' were also included in these 
analyses as covariates.
To test whether the level of balance confidence was of influence on the 
success rate on the obstacle avoidance task, the variable 'ABC-score' was also 
included in the regression model as confounder and as interaction factor with 
'Group'.
For the analysis STATA.10 and SPSS12.0.1 were used. The level of a was 
set on 0.05.
Results
The characteristics of the participants are described in Table 1. The persons with 
osteoporosis were slightly younger than the comparison group and used more 
medication. Furthermore, the group of persons with osteoporosis consisted 
of more females than the comparison group. The number of falls in the three 
months prior to the study was not different between the groups.
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Table 1: Baseline characteristics o f the participants
Osteoporosis Comparison
un00IIc n II CO )
Age (years (mean (sd))* 71.0 (4.8) 73.7 (5.6)
M ale:fem ale* 5:80 23:76
Falls (% in prior 3 m onths)1 
0 fa ll 71.8 67.5
1 fa ll 23.5 22.5
> 1 falls 5.7 10
Number o f medications used (mean(sd))* 2.34 (1.67) 1.19(1.44)
Bisfosfonates (%) 68 -
*p<0.01
’ Falls were recorded in the 3 m onths prior to the obstacle avoidance task by means of
m onth ly fall registration cards.
Obstacle avoidance success rate and strategies
'Age' and 'Sex' were identified as confounders for the success rates on the 
obstacle avoidance task (p>0.01). Higher age negatively influenced the success 
rates, and men had higher success rates than women in this study. The effects of 
age and sex were not different between the groups, as indicated by no interaction 
effect (respectively p=0.494 and p=0.268).
In Figure 2, the results of the obstacle avoidance task on success rate 
are presented. As expected the success rates increased when time pressure 
reduced (higher ARTs). In most ART categories the persons with osteoporosis 
had lower success rates, except for the ART category of 250-300ms. Overall, 
the comparison group had approximately 3% higher success rates, but this 
difference was not significant (p=0.173).
The total number of LSS and SSS were comparable between the groups 
(p=0.822). The persons with osteoporosis used an LSS in 74% (SD=14) of the 
trials, compared to 74% (SD=20) in the comparison group. Age and sex had 
no influence on the choice of avoidance strategy (respectively p=0.302 and 
p=0.907).
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Balance confidence
Of the participants with osteoporosis one person did not complete the question­
naire correctly and one questionnaire was not returned. In the comparison group 
eight questionnaires were not returned or completed incorrectly. 'Age' and 'Sex' 
had an effect on the balance confidence scores; persons with higher age had 
lower scores (p=0.001), and men scored higher on the ABC-questionnaire than 
women (p=0.001). The mean score on the short-ABC questionnaire was 55.0 
(SD=19.6) in the group of persons with osteoporosis, and 59.7 (SD=16.9) for the 
comparison group. There was no significant difference in balance confidence 
between the groups (p=0.091).
Furthermore, balance confidence did not seem to influence the success 
rates of the participants, since 'ABC-score' was not identified as confounder 
(p=0.148) nor was there an interaction effect between 'ABC-score' and 'Group' 
(p=0.145).
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The aim of this study was to investigate obstacle avoidance performance in 
persons with osteoporosis in comparison with a community sample of elderly 
persons. Persons with osteoporosis are known to be more unstable when crossing 
an obstacle,5 and to have deteriorated physical performance skills.5,7,10-12-14 
Therefore, it was hypothesized that their obstacle avoidance success rates 
would be lower. In contrast to previous studies that all demonstrated impaired 
obstacle avoidance performance in a variety of musculoskeletal and neurological 
conditions,21-2334 our group of persons with osteoporosis did not have lower 
success rates compared to those of a community sample of elderly persons. 
This was even true for the most challenging obstacles (i.e. those with the lowest 
ARTs), in which disease-related impairments are generally most pronounced. 
Furthermore, both groups avoided the obstacle in a similar manner, as indicated 
by their comparable proportions of long and short step strategies.
In an earlier study (Sinaki et al.)5 obstacle avoidance performance 
was investigated in kyphotic persons with osteoporosis compared to healthy 
subjects during walking overground with a fixed obstacle. They found that 
persons with osteoporosis had more body sway while avoiding obstacles than 
the control group. The functional consequences of the observed instability 
remained unidentified since the number of obstacle hits was not reported in 
the paper. It is very likely, however, that the participants hardly ever contacted 
the obstacle, because previous studies that used a similar set-up with a fixed 
obstacle reported the near-absence of any failed crossing attempts.35-37 This can 
be explained by the fact that in such a set-up the obstacle can be detected well 
in advance, which implies that the available response time is high and avoidance 
success rates will be large. In our study we increased the time pressure in order 
to increase the probability of failures, thereby creating a more realistic daily life 
situation. Although the data collected in the present experiment did not allow us 
to calculate dynamic stability measures, as was done in the study by Sinaki et al., 
the results show that none of the potential group differences increased the risk 
of hitting the obstacle in the persons with osteoporosis, which was even true for 
the most challenging obstacles.
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An advantage of our set-up was that it allowed us to control for potential 
osteoporosis-related differences in gait speed.38 Since we tested the participants' 
obstacle avoidance abilities on a treadmill at a fixed velocity of 3 km/h, the 
between-group comparisons in the present study were not confounded by 
potential differences in gait speed.
In our analyses we also aimed to identify whether lower balance 
confidence scores associated with poorer performance on the obstacle 
avoidance task. In other studies it was found that higher levels of fear of falling 
resulted in decreased physical functioning,4,739 but a similar association could 
not be demonstrated in the present study. This could be due to the presence 
of the safety harness, which may have eliminated any unfavourable effects of 
fear of falling on obstacle avoidance performance in the high-anxious persons. 
Consequently, it was possible to truly test obstacle avoidance skills in persons 
with osteoporosis without fear of falling as co-determinant.
In agreement with other studies192840 our study confirmed the effect of 
aging on obstacle avoidance performance, with advancing age resulting in more 
failures. Therefore, age was included in the statistical analysis model, hereby 
also correcting for the small difference in age between the groups at baseline. A 
second finding, which was not previously reported, was that obstacle avoidance 
performance was different between the sexes, with women failing more often 
than men. A possible explanation for this sex-related difference may be associated 
with the observation that our participants used an LSS in the majority of the 
trials, which required them to lengthen the stride in order to avoid the obstacle 
successfully. Since the size of the obstacle was the same for all participants, the 
required lengthening of the stride might have been relatively smaller for men, 
who generally have longer legs than women.
The observation that both groups of older participants from our study 
preferred the LSS over the SSS for avoiding the obstacle is also in agreement with 
previous work.1928 Based on the minimal displacement theory, that states that the 
main criterion to choose a strategy is based on minimisation of displacement of 
the foot from its original landing position, a 50-50 distribution of strategies would 
be expected.272841 Young adults have indeed demonstrated equal proportions of 
LSS and SSS.1928 In our study, however, both groups used an SSS in only ~25%
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considerations. It has been suggested that an SSS imposes greater demands 
on dynamic stability since it induces larger Centre of Mass (COM) disturbances. 
Additional research is necessary, however, to identify the causes of changes in 
the distribution of avoidance strategies with advancing age.
Another aim of the present study was to investigate whether persons 
with osteoporosis have more fear of falling than their comparison group. It might 
be expected that they are more afraid of falling because of their higher risk for 
injuries, but this has not yet been thoroughly investigated. In this study, there 
was no difference in balance confidence between the persons with osteoporosis 
and their comparison group, which indicates that they are not more fearful. In 
comparison with other studies, however, the average balance confidence scores 
were rather low for both groups of participants.3033 This is probably due to the 
inclusion of persons with a fall history, which is known to be associated with 
increased fear of falling.3
A limitation of the present study was that, due to the use of a previously 
collected data set in the community sample of older adults there were some 
baseline differences between the groups in age and proportions of men and 
women. These relatively small differences were corrected for in our statistical 
analyses. A further difference between the groups concerned the number of 
medications used, with the persons with osteoporosis using on average 1.15 
more medications than the comparison group. This difference can mainly be 
attributed to their use of bisphosphonates, which were taken by a majority of the 
participants with osteoporosis (Table 1).
Another limitation of this study was that we used a historic cohort of a 
general sample of the Dutch elderly population as comparison group. However, 
the study procedures and in- and exclusion criteria were identical. A disadvantage 
of this cohort was that some characteristics of the participants could not be 
obtained. For instance, at inclusion these persons had not been screened for the 
presence of osteoporosis (e.g. by means of a Dual Energy X-ray Absorptiometry 
(DXA)). Therefore, it cannot be ruled out that some of these persons did have 
undiagnosed osteoporosis. In the present study for persons with osteoporosis, 
those who applied for participation and met all our inclusion criteria except that
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they had not been diagnosed with osteoporosis before, were screened with 
the use of a DXA measurement as a last step of the inclusion procedure. Of 
these persons, 13% were diagnosed with osteoporosis. Since for both groups of 
participants (osteoporosis and comparison group) we used the same inclusion 
criteria and recruitment methods, it is expected that a similar number of persons 
with osteoporosis may have been present in our comparison group.
The present study could not confirm the presence of an osteoporosis- 
related fall risk factor related to obstacle avoidance performance. Further 
research is needed to identify osteoporosis-specific deficits in motor functioning 
and their potential contribution to the risk of falling in order to develop efficient 
interventions for the prevention of falls and injuries. A recent review showed 
that exercise interventions might reduce falls, fall-related fractures, and several 
risk factors for falls in individuals with low bone mass density. These exercise 
interventions should be, at least partly, weight bearing and include balance 
exercise and muscle strengthening exercises to reduce fall and fracture risk.42 
However more research is needed to investigate the effects of exercise on falls 
and fracture incidence in individuals with low BMD.
Conclusions
In conclusion, the present study demonstrates that obstacle avoidance abilities 
were not impaired in persons with osteoporosis, since their success rates and 
avoidance strategies were comparable to those of a community sample elderly 
persons. These findings imply that persons with osteoporosis do not seem to 
have an additional risk of falling because of poorer obstacle avoidance abilities. 
Furthermore, persons with osteoporosis did not experience more fear of falling 
than the comparison group
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Can improved obstacle avoidance performance 
explain the effectiveness of a multi-modal 
falls prevention program for persons with 
osteoporosis?
Smulders E, van Lankveld W, Laan R, Duysens J, Weerdesteyn V.
Can im proved obstacle avoidance performance explain the effectiveness o f a m u lti­
modal falls prevention program for persons w ith  osteoporosis?
J Am  Geriatr Soc 2011;59(2):368-369

Falls prevention is important in persons with osteoporosis because of their 
diminished bone strength, which increases their risk of fall-related fractures.1 
Recent studies show that specifically multi-modal falls prevention programs are 
effective in reducing falls.2 One such program is the Nijmegen Falls Prevention 
Program (NFPP) for persons with osteoporosis, which was effective in reducing 
the number of falls in the participants by 39%.3 The aim of the present study was 
to explore the working mechanism of this program.
An important element of the NFPP for persons with osteoporosis is 
walking over an obstacle course (22% of the content of the program), which 
includes environmental hazards frequently encountered in daily life. The other 
elements are education on osteoporosis and safety in the house, walking 
exercises in a crowded environment, weight bearing exercises, correction of 
gait abnormalities, and the practice of fall techniques.4 Most falls occur during 
walking, and tripping over obstacles is one of the most common causes of falls.5,6 
Therefore, improvements in obstacle avoidance abilities may contribute to the 
prevention of falls. In previous studies, a beneficial effect of exercise interventions 
on obstacle avoidance performance was reported,7,8 as well as in relation to a 
reduction in falls.8 Therefore, it was hypothesized that better obstacle avoidance 
performance contributed to the observed reduction in the number of falls in the 
participants of the NFPP for persons with osteoporosis.
In the present randomized controlled trial (NCT00432692, clinicaltrials. 
gov), obstacle avoidance performance was compared between the participants 
(n=50, mean age 70.5 (SD=5.0), 45 female) of the NFPP for persons with 
osteoporosis (11 sessions twice a week) and a control group that received no 
intervention (n=46, mean age 71.6 (SD=4.4), 45 female). Both groups performed 
an obstacle avoidance task before the start of the program (M1), after the program 
had finished (M2), and one year later (M3). The task required that participants 
avoid a visible obstacle that was suddenly dropped in front of their left foot 
while they walked on a treadmill with a fixed velocity of 3 km/h. The difficulty 
of the task varied because of different time intervals that were available to react 
to the obstacle (available response time: ART). Thirty trials were recorded per 
session. The obstacle avoidance task is described in more detail elsewhere.9 
The primary outcome measure was the success rate, determined by dividing
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were determined for each of four levels of difficulty (ARTs of 200-250, 250-300, 
300-350 and >350ms). Obstacle avoidance success rates of the exercise and 
control group were compared for the three measurement moments by means 
of a multilevel linear regression model (STATA.10, Stata Corp., College Station, 
TX); 'ART category' and the interaction 'Group' x 'Measurement' were included 
in the model.
The groups were comparable on baseline characteristics. Furthermore, 
the average ARTs were similar between the groups, indicating that the difficulty 
of the task was equal. As expected, an increase in ART resulted in higher success 
rates (Figure 1), although no differences were found between the groups 
(p=0.535).
Figure: Mean obstacle avoidance success rates and standard errors o f the exercise 
(A) and control group (B) fo r the different available response tim e (ART) categories 
at Measurement 1 (M 1):before the start of the program , Measurement 2 (M2): 
im m ediately after ending the program , and Measurement 3 (M3): one year after ending 
the program.
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Both groups showed improvements in obstacle avoidance performance from 
M1 to M2 (p<0.001), after which the success rates did not significantly change 
between M2 and M3 (p=0.884). These changes in success rates over time were 
similar for both groups, as indicated by the absence of an interaction effect 
(p=0.118).
As expected and reported before in other studies,7,8 the exercise group 
showed an improvement in obstacle avoidance success rates after participating 
in the falls prevention program. However, the control group also showed 
improvements between the first and second measurement. The finding that the 
control group also showed improved obstacle avoidance abilities may indicate 
an effect of learning on the task. The present work shows that the positive effect 
of the NFPP for persons with osteoporosis, in terms of falls, is presumably not 
related to improved skills of avoiding obstacles under time pressure. This does 
not exclude the possibility that the program helped in avoiding obstacles without 
time pressure (as is also often encountered). Alternatively, it is possible that other 
elements are of primary importance (e.g. increased muscle strength, improved 
skills of dual tasking, decreased fear of falling). It remains for further study to 
elucidate which of these alternative elements is best to explain the success of 
the NFPP for persons with osteoporosis.
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Fall Incidence and Fall Risk Factors in Persons 
with Rheumatoid Arthritis
Adapted from :
Smulders E, Schreven C, Weerdesteyn V, van den Hoogen FHJ, Laan R, van Lankveld W. 
Fall Incidence and Fall Risk Factors in Persons w ith  Rheumatoid Arthritis.
Ann Rheum Dis 2009;68(11):1795-6

Introduction
Falls in persons with Rheumatoid Arthritis (RA) are an underestimated problem. 
In the general population, falls occur in one of every three persons aged 65 years 
and over, and the frequency of falls increases with age.12 Some persons report 
multiple falls in a given year and therefore the fall rate is computed. The fall 
rate (the number of falls per person year) for healthy elderly persons has been 
estimated at 0.45-0.65 falls/person year.123 Falls can have serious consequences: 
5% of the falls result in fractures and in 20% medical attention is needed, causing 
high costs for society.45 Moreover, a fall may generate fear of falling resulting in 
a restriction of activities and increased dependency.5
Almost all patients with RA develop lower extremity problems, which 
may increase their risk of falling because of impaired levels of physical activity, 
mobility and postural stability as well as diminished strength and proprioception.67 
However, only three studies have reported fall frequency in RA patients. The annual 
proportion of fallers in patients with RA (mean age 59.2 years) ranges from 33% 
to 35%.6-8 The fall rate was determined at 0.62 falls/person year,6 which is above 
the fall rate reported in healthy elderly persons. As a result, patients with RA do 
worry about falls and their consequences. One study showed that almost 60% 
of the patients with RA were fearful of falling.6 However, all three studies on falls 
in RA used retrospective self-reports to measure fall incidence. These methods 
are likely to underestimate fall incidence.9 Prospective studies are needed for 
an accurate estimate of fall rate in RA patients to determine whether specific 
falls prevention programs for RA are needed. Such falls prevention programs 
are effective in reducing fall frequency in other conditions,10 but currently these 
interventions are not available for patients with RA. Furthermore, risk factors 
for falls in this population should be investigated to be able to determine which 
patients are most likely to benefit from such interventions.
Therefore, the aim of this study was to prospectively determine fall 
rate and the contributing fall risk factors in patients with RA involving the lower 
extremities.
_____________FALL  I NC ID ENCE  AND FALL R IS K  FACTORS  IN P E R S O N S  W I T H  R HE UM AT O ID  A R TH R I T I S
IMethods
Participants
A random sample of 250 RA patients with lower extremity problems regularly 
visiting the Sint Maartenskliniek outpatient clinic was selected. The attending 
rheumatologists reviewed every patient for the in- and exclusion criteria. 
Patients were included if they met the ACR (American College of Rheumatology) 
criteria for RA and were able to walk at least 15 minutes without a walking aid. 
Neurological disorders were an exclusion criterion.
A total of 208 patients were approached by mail to participate in a one- 
year prospective study. Finally, 84 RA patients, (59 women, 25 men, mean age
59.3 years (SD=12.0), range 24-86) with mean disease duration of 13.0 years 
(SD=10.3) and lower extremity problems, agreed to participate.
This study was approved by the medical ethical committee of the 
region Arnhem-Nijmegen and all participants gave written informed consent for 
participation
Fall rate
During one year the participants prospectively registered their falls by means of 
monthly fall registration cards. On this card participants wrote down whether a 
fall had occurred in the past month and, if so, they gave a short description of 
this fall(s). This information was used to determine whether the reported fall met 
the common definition of a fall: an unexpected event in which the participant 
comes to rest on the ground, floor or lower level. This method to monitor falls is 
recommended by the Prevention of Falls Network Europe (ProFaNE).11
When no fall registration card was received within two weeks after the 
month had ended, the participant was contacted by telephone. Furthermore, 
telephone interviews were used to obtain further details on fall circumstances 
and injuries.
Fall risk assessment
At baseline the participants completed a fall risk assessment. Demographics, use 
of medication, comorbidity, visual impairment, fear of falling, and history of falls
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in the prior year were assessed. Validated questionnaires were used to measure 
health status (Arthritis Impact Measurement Scales 2 Short form, AIMS2-SF)12, 
function (Health Assessment Questionnaire, HAQ)1314, and balance confidence 
(Activities-specific Balance Confidence scale, ABC)1516. VAS (Visual Analog 
Scale) scores were used to measure pain during rest, stance and walking.
Statistical analysis
Based on the fall registration cards, fallers were identified and compared to non­
fallers on the variables of the fall risk assessment at baseline. First, differences 
between groups were tested by means of a t-test or, for the dichotomized 
variables, a Chi Square (x2) test. The variables that differed between the groups 
(p<0.10) were further analyzed with backward logistic regression, with falls as 
a dependent variable (a=0.05). Continuous variables were dichotomized at the 
median score for this procedure.
Results
The HAQ score of the RA patients was 1.1 (SD = 0.6), which indicates that they 
were moderately affected by their disease.14
Fall rate
During the study 35 RA patients (42%) reported a fall. The number of falls ranged 
from 1 to 9 and the fall rate was 0.82 falls/person year. No serious injuries like 
fractures or internal haemorrhages occurred, but in 85% of the falls injuries 
such as bruises, pain, scrapes and scratches, local oedema or contusions were 
reported. Tripping (41.9%), slipping (29.0%) or missing a stair (9.7%) mainly 
caused the falls.
Fall risk assessment
The fallers (n = 35) were compared to the non-fallers (n=49) on the variables 
assessed at baseline. Because of high levels of inter-correlation of the separate 
VAS scores, the mean VAS score for pain was computed. The variables that were 
significantly different between the fallers and non-fallers are shown in Table 1.
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medication, vision, balance confidence and quality of life.
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Table 1: Significant differences between prospectively assessed fallers and non-fallers 
(p<  0.10) on baseline fall risk assessment
Fallers Non-fallers p-value
Fall h istory (num ber o f falls), mean (sd) 1.6 (2.5) 0.2 (0.5) <0.01
VAS pain, mean (sd) 40.3 (22.0) 25.0 (16.9) 0.001
HAQ total score, mean, (sd) 1.3 (0.7) 0.9 (0.8) 0.035
AIMS affect, mean (sd) 3.7 (1.5) 3.1 (1.4) 0.062
Co-morbidities (%) 65.7 42.9 0.039
Fear o f falling (%) 37.1 18.4 0.054
AIMS: A rth ritis  Impact Measurement Scale, HAQ: Health Assessment Questionnaire, 
VAS: Visuals Analog Scale
The variables presented in the table were further analyzed with backward 
stepwise logistic regression. This analysis identified two significant predictors of 
falls: fall history (OR=9.8) and high pain scores; VAS > 27.3 (OR=4.8).
Discussion
This is the first study that prospectively measured fall rate in RA patients. The 
measured fall rate in RA patients was high; 0.82 falls/person year. This is higher 
than in healthy elderly persons, who show a rate of approximately 0.45-0.65 falls/ 
person year.1,23 The prospectively assessed estimation of fall rate in this study 
is higher than previously reported in retrospective studies. This difference is 
probably due to under-reporting of falls because of limited accuracy of recalling 
them. The high incidence of falls shows that prevention of falls in RA should 
receive priority. A number of variables could be identified that distinguished 
fallers from non-fallers. Fallers compared to non-fallers more often reported fear 
of falling, a higher number of co-morbidities, more falls in the previous year 
and higher scores on the AIMS 'affect', total HAQ and VAS for pain. Logistic 
regression showed that a history of falls and high pain scores at baseline were 
significant predictors of falling in the follow-up period.
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The odds for the occurrence of a fall in the coming year is almost ten 
times higher in patients with RA reporting a fall in the previous year, compared 
to patients with RA who did not report a fall. It has been suggested that fear 
of falling is an important variable predicting recurrent falls: persons who have 
fallen in the past can develop fear of falling.417 The findings in this study confirm 
the importance of fear of falling. A higher percentage of fallers reported fear of 
falling compared to non-fallers. Fear of falling causes a reduction in physical 
activity, resulting in decreased physical functioning417 including, for instance, 
diminished walking ability. In this study, fallers did not only report higher levels 
of fear of falling compared to non-fallers, but also higher levels of functional 
limitations on all the domains of the HAQ including 'walking'. This confirms the 
results of earlier retrospective studies, that identified impaired physical activity 
as a risk factor for falling in the RA population.6-8 In a similar way pain can be a 
reason that persons become less active, which can bring about the same vicious 
circle as fear of falling does. High pain scores predict an almost five times higher 
risk of falling in RA patients.
However, the reason why the fallers in this study fell in the year before 
they monitored their falls remains unknown. Therefore, causal relationships 
between these variables can only be speculated upon. Another limitation of this 
study is the recruitment of patients, who were invited to participate by mail. 
The possibility that patients with a recent history of falls were more prone to 
participate in the study cannot be ruled out.
Nevertheless, these findings underline the need to develop falls 
prevention programs for patients with RA at risk of falling. In particular patients 
that have experienced a fall in the recent past, and/or have high pain levels, 
stand a high chance to fall again in the next year. Falls in these patients do not 
get the proper attention and falls prevention interventions should be developed 
for RA patients with a history of falls, as they are a high-risk group. Apart from 
limiting the number of falls and decrease medical costs related to falls, such 
interventions might preserve mobility and independence in RA patients.
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Obstacle avoidance in persons with Rheumatoid 
Arthritis walking on a treadmill
Smulders E, Schreven C, van Lankveld W, Duysens J, Weerdesteyn V. 
Obstacle avoidance in persons w ith  Rheumatoid A rthritis  walking on a treadm ill. 
Clin Exp Rheumatol 2009;27(5):779-85

Introduction
Rheumatoid Arthritis (RA) is an inflammatory autoimmune disease that affects 
the joints. Major complaints are pain and swelling in the affected joints, stiffness, 
fatigue and jo int destruction.1 Retrospective studies show that fall incidence in 
adult RA patients is as high as in the elderly with one out of three persons falling at 
least once a year.234 Data on prospective fall incidence measurements in RA are 
scarce but our previous work has indicated that fall incidence is clearly increased 
in RA patients as compared to the elderly.5 Potential risk factors for falling in RA 
patients are diminished strength and proprioception, reduced postural stability 
and pain.125 Moreover, persons with RA are known to have a lower bone mineral 
density, which leads to an increased risk of fractures in the event of a fall.16 This 
makes it even more important to better understand risk factors for falls in this 
population.
Lower extremity problems in persons with RA have been associated with 
altered gait patterns. In general, persons with RA have a slower walking velocity, 
shortened stride length, increased double stance period and decreased range of 
motion in all three planes of the forefoot.7-10 A study by van Leeden et al. showed 
that in patients with RA-related foot complaints a longer disease duration causes 
a shift from a heel-to-toe roll-over gait to a more shuffled gait,11 which increases 
the propensity to trip over an obstacle. It has been shown that the ability to 
efficiently avoid an obstacle is reduced in elderly persons and this ability further 
deteriorates with advancing age, in parallel with an increased fall risk in daily 
life.12 When morbidity is present, one may expect further deterioration. For 
example, patients with pain associated with osteoarthritis of the knee have an 
increased probability to trip on an obstacle.13 Although the circumstances of falls 
in RA patients have not been described in the literature, it is known that trips and 
slips are the most prevalent causes of falls in the elderly population in general 
(accounting for 59% of falls).14 Many of these falls are provoked by an external 
factor, such as an obstacle15, and obstacle avoidance is thus an important area 
of investigation.
The main determinant for success in obstacle avoidance under time 
pressure is the Available Response Time (ART). The ART is defined as the time
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the obstacle. With longer ARTs, persons have enough time to react and thus 
will hardly ever contact the obstacle, but when ARTs become shorter, the time 
pressure increases and the obstacle will be hit more frequently.16-18
The choice of obstacle avoidance strategy is a second determinant for 
success in obstacle avoidance. Two different strategies can be used to avoid an 
obstacle. In a long stride strategy (LSS) the obstacle is crossed by a lengthened 
stride. The other strategy is a short stride strategy (SSS) in which the stride 
before crossing is shortened and the obstacle is crossed in the next stride. 
Which strategy is most efficient to avoid an obstacle depends on the ART and 
the distance of the foot to the obstacle.16-19
The aim of this study was to determine whether RA patients in general 
have increased difficulties with avoiding obstacles while walking. Our hypothesis 
was that RA patients would have higher failure rates on the obstacle avoidance 
task compared to healthy controls, because of the joint and mobility problems 
in RA patients and since they often have high pain levels. Furthermore, obstacle 
avoidance strategy and the distribution of failures over the different strategies 
will be examined along with parameters related to obstacle avoidance (heel and 
toe distances and reaction time).
Methods
Participants
Eligible participants were selected from a large study population included in a 
study on fall risk factors in persons with RA.5 This population was randomly 
sampled from the visitors of our rheumatology clinic, twelve patients with RA 
(7 female, 5 male, mean age 61(SD 116, range 42-76) years) were included. 
Inclusion criterion was the diagnosis RA, according to the ACR (American College 
of Rheumatology) criteria.20 Participants were excluded when they were recently 
diagnosed with RA (< one year), had neurological disorders or were not able to 
walk at least 15 minutes without the use of a walking aid. None of the participants 
had corticosteroid injections in the articular joints in the six months prior to the 
study. The following data were obtained to characterize the RA patients: disease
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activity (Erythrocyte Sedimentation Rate), disease duration, number of affected 
joints, medication use, Visual Analog Scale (VAS) scores of pain during stance 
and walking (0 = no pain, 100=severe pain) and scores on the Health Assessment 
Questionnaire (HAQ)21 and Arthritis Impact Measurement Scales 2 Short Form 
(AIMS2-SF)22. Furthermore, the RA patients monitored their fall incidence for 
one year, by means of monthly fall registration cards. In addition, 12 healthy 
controls of the same gender and comparable age (7 female, 5 male, mean age 
61 (SD 10, range 46-78) years) were included. This study was approved by the 
medical ethical committee of the region Arnhem-Nijmegen and all participants 
gave written informed consent for participation.
Sample size
An a priori sample size calculation was performed for this study, using the data 
of a previous study on the same task in healthy young and older persons.23 We 
aimed to detect a minimal between-group difference in obstacle avoidance 
failure rates of 10% and used a standard deviation of 7%23 in the sample size 
calculation. With a power of 0.9 and a two-tailed a of 0.05 the required number 
of patients per group was 12.
Experimental set-up and protocol
The participants were instructed to avoid obstacles while walking on a treadmill 
(ENRAF Nonius, Type EN-tred Reha) at a fixed velocity of 3 km/hr, wearing 
comfortable shoes. This velocity was selected, because it is a comfortable 
walking speed for both RA patients and healthy persons.24-26 They were secured 
by a safety harness, attached to the ceiling. Above the front of the treadmill a 
bridge was placed with an electro-magnet. The obstacle (40cm [length] x 30cm 
[width] x 1.5cm [height]) was held by the magnet in front of the left foot. Two 
reflective markers were attached to the shoe on the left heel and hallux and one 
marker was attached on top of the obstacle. Marker positions were recorded by a 
6-camera 3D motion analysis system (Vicon, 100Hz). In Figure 1 the experimental 
set up is presented.
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Figure 1: Experimental set up. In fron t o f the treadm ill, the obstacle is attached to a 
bridge w ith  an electro-magnet. A fter a trigger from  the com puter the magnet switches 
o ff and the obstacle falls in fron t o f the left foo t of the participant.
Before the experiment started the participants were given an opportunity 
to familiarize to treadmill walking. Furthermore, five practice trials of obstacle 
avoidance were performed. Stepping sideways from the obstacle was not 
allowed. The participants walked on the treadmill at a fixed distance of 10 cm 
to the obstacle. For each step, the motion analysis system provided on-line 
information of the distance to the obstacle on the basis of the markers on the 
foot. When this distance systematically deviated from 10 cm over a number of 
steps, the experimenter instructed the participant to correct his/her distance.
During the experiment, the obstacle was released at one of three 
different phases of the gait cycle: late stance, early swing and mid swing, to 
create different levels of difficulty. Late stance obstacle release was the easiest 
condition, with the most time to react (long ART), whereas mid swing release 
represented the most difficult condition (short ART). In Figure 2 the different 
phases of the gait cycle in which the obstacle could be released are presented.
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Figure 2: Phases o f the gait cycle and the three phases of obstacle release in the 
obstacle avoidance experim ent; 1: late stance, 2: early sw ing, 3: mid swing.
Each condition was repeated ten times, randomly divided over two series 
of 15 trials. The number of strides between two successive obstacle releases 
was variable so that the moment of obstacle release was not predictable.
Obstacle release was triggered by a computer, as described in detail in a 
previous study.12 To determine the correct moment of obstacle release the heel 
marker position was processed in real-time during the experiment. Algorithms 
were used to predict the next heel contact. Based on this information the exact 
timing of obstacle release in a certain phase of the gait cycle was determined. The 
obstacle was not released before a regular walking pattern had been achieved, 
which was defined as less than 50ms difference in stride duration between two 
consecutive strides.
The primary outcome measure was avoidance failure rate. Failures 
were defined as contact of the foot with the obstacle and were noted during the 
experiment by two observers. In the case of disagreement between the observers 
the 3D recordings were checked to verify whether the foot had touched the 
obstacle. The strategy used to avoid the obstacle (SSS or LSS) was also noted. 
The present study was designed such that the obstacle was released at different 
ARTs. Based on prior research it can be expected that in mid swing trials (short 
ARTs) an SSS is used in the majority of trials, whereas in the late stance obstacle 
release trials (long ARTs) the LSS prevails.121727 Failures during an SSS occur 
because participants contact the most proximal part of the obstacle with their
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obstacle.27
From the recording of the marker positions spatial parameters were 
determined. Data were obtained both on toe distance to the obstacle before 
obstacle avoidance and on heel distance after obstacle avoidance. Toe distance 
is most relevant to characterize successful SSS, whereas heel distance is most 
relevant for successful LSS. In addition, reaction time (RT) was derived from the 
marker position data. RT was defined as the time which the acceleration curve 
of the avoidance swing phase exceeded the mean ± 2 standard deviations of 30 
control swing phases.
Data processing and statistical analyses
First, ARTs were calculated for each phase of obstacle release. To ensure that the 
level of difficulty of the task was indeed similar in the experimental and control 
group, it was checked whether the ARTs were equal in both groups. This was 
done by means of a repeated measures ANOVA, with 'Phase' as a within subjects 
and 'Group' as a between subjects variable.
The same statistical test was conducted to compare failure rates and 
strategy choice for the 3 phases of obstacle release (late stance, early swing, 
mid swing) between RA patients and control. Post hoc analyses were performed 
using Students t-tests (alphas corrected for multiple comparisons). To analyze 
whether the groups differed with respect to the number of failures in each of the 
strategies, a Chi Square test was applied.
To compare toe and heel distances between the RA group and healthy 
controls an univariate ANOVA was used, with ART as covariant. Reaction times 
were analyzed by means of a Students t-test. The alpha level was set at 0.05.
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Results
The characteristics of the RA patients are described in Table 1. Mean height 
of the RA patients was 171 (SD 9) cm and 166 (SD 7) cm for the controls. The 
mean weight of the RA patients and controls was 71 (SD 12) and 82 (SD 18) 
kg, respectively. There were no significant differences (p<0.05) between the RA 
patients and the control group for gender, age, height and weight. According to 
their HAQ scores, the RA patients in this study were moderately affected by their 
disease.28
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Table 1: Characteristics of the RA patients
Patients' characteristics (n = 12)
Disease A ctiv ity  (n)
High Erythrocyte Sedimentation Rate (>25 mm/u) 
High C-Reactive Protein (>5  mg/l)
3
1
Mean disease duration (months (SD, range)) 161 (151, 30-444)
Mean num ber of affected jo in ts* (SD, range) 8 (5, 3-17)
Affected jo ints (n):
Hand (left-right)
W rist (left-right)
E lbow (left-right) 
Shoulders (left-right) 
Forefoot/toes (left-right) 
Heel (left-right)
Ankle (left-right)
Knee (left-right)
Hip (left-right)
Neck
Lower Back
10:11
5:8
3:4
6:6
10:11
2:2
4:3
5:3
1:2
2
1
VAS pain during stance (mm (SD, range)) 40(24, 3-78)
VAS pain during walking (mm (SD, range)) 44(28, 5-80)
HAQ (mean (SD, range)) 1.1 (0.6, 0.0-2.1)
AIMS2-SF (mean (SD, range)) 5.8 (1.2, 4.0-8.2)
Medication (n): 
Paracetamol 
NSAIDs 
DMARDs 
Biologicals 
Corticosteroids
7
10
10
2
2
Orthopaedic surgery in lower extrem ities (n) 2
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The prospective fall incidence registration showed that the RA patients 
had a mean of 2.0 falls per person in one year, with 83% reporting at least one 
fall. The number of falls per person ranged from one to nine (24 falls in total). 
Most of the falls occurred during walking (61% of all falls) and 57% of these falls 
were caused by tripping over an obstacle. Other causes were falling down the 
stairs, getting off a bike, getting into bath and a failed attempt to sit down on the 
floor. No serious injuries occurred because of the falls. In 52% of the falls the RA 
patients reported bruises, in 26% pain was reported, 17% caused scrapes and in 
22% no injuries occurred.
Obstacle avoidance
As expected the release in the various phases induced different ARTs (main of 
effect of phase (F(2,44) = 1925.995, p<0.001). The mean ART was 494 (SD 28) 
ms for late stance phase trials, 344 (SD 27) ms for early swing and 238 (SD 19) 
ms for mid swing. The analysis of ARTs confirmed that the level of difficulty 
of the task was equal for both groups, because there was no main effect of 
Group (F(1,22) = 0.030, p=0.865) and no interaction effect of Phase x Group 
(F(2,44) = 1.183, p=0.316).
Figure 3: Mean values and standard deviations of the failure rates of RA patients and 
controls in the three phases o f obstacle release and in total. The asterisk indicates a 
significant difference between the groups (p<0.05).
70
60
S i  50
□  R A  
■  Controls
late early mid 
stance swing swing
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In Figure 3, the failure rates of the RA group and the controls are shown 
for each phase and for the total experiment. The failure rates increased in both 
groups when the trials became more challenging. In late stance the mean failure 
rate was 1% for the controls and 3% for the RA group, whereas in the mid 
swing phase, failure rates of 20% and 43% were seen for the controls and RA 
group respectively. RA patients were less successful than their controls, but this 
was dependent on the phase of obstacle release (Phase x Group interaction, 
F(2,44)=4.364, p=0.019).
Post hoc analysis of the failure rates in the three phases of obstacle 
release showed that RA patients performed significantly worse in the mid swing 
phase (p=0.012), but there were no significant differences between the groups 
in early swing (p=0.171) or late stance (p=0.336). Within the RA group, failure 
rates did not depend on disease severity (HAQ score) and pain during walking 
(VAS score), as introducing these factors as covariants in the ANOVA model did 
not yield significant interactions with failures rates (respectively, p=0.238 and 
p=0.332).
With regard to the strategy choice and failures, as expected, it was 
found that in mid swing (short ARTs) the SSS was used in the majority of trials, 
whereas in the late stance (long ARTs), the LSS prevailed (see Figure 3). Statistical 
analysis confirmed that the strategy used to avoid the obstacle differed between 
the phases of obstacle release (main effect of Phase, F (2,44) = 73.236, p<0.001). 
Overall, the distribution of avoidance strategies changed from predominantly 
LSS (98%) in late stance trials to predominantly SSS (70%) in mid swing trials. 
The RA group and the controls had similar proportions of LSS and SSS in each 
of the phases of obstacle release.
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Figure 4: Distribution of successful and failed trials fo r the short stride strategy (SSS) 
and long stride strategy (LSS) fo r the RA patients and their controls. Results are shown 
fo r each phase of obstacle release and in total.
The remaining question is whether the increased failure rate of the RA 
patients depends on the avoidance strategy used. In Figure 4 the percentages 
of successful trials and failures are shown for each strategy and phase. It can be 
seen that the difference between the RA patients and controls resides primarily 
in the percentage of failures in the SSS, in particular during the mid swing 
phase (when there was a significant difference between the RA patients and the 
controls in avoidance failure rates). Indeed, RA patients had significantly more 
failures during SSS in the mid swing phase (x2(1) = 18.633, p<0.001) compared 
to their controls. For LSS trials the groups showed no differences in the number 
of failures (x2(1) = 0.197, p=0.657).
Kinematic data were also obtained. RA patients had significantly smaller 
toe distances than the controls (24.8 (SD 6.6) vs. 79.4 (SD 10.3) mm, p=0.026). 
Heel distances did not differ between the groups (p=0.830). The reaction time of 
the RA patients was higher compared to the healthy controls, but this difference 
was not significant (166 (SD 25) vs. 150 (SD 17) ms, p=0.093).
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Discussion
The aim of this study was to determine whether RA patients would have more 
problems with avoiding obstacles compared to healthy controls, which may 
expose them to an increased risk of falling. Our hypothesis was that obstacle 
avoidance would be deteriorated in patients with RA compared to healthy 
controls. The results of our study confirm this hypothesis. The RA patients had 
higher failure rates on the obstacle avoidance task compared to the healthy 
controls. This was mainly due to the most difficult condition (mid swing phase) 
when the ARTs were short. These findings are in line with earlier studies that 
showed that mobility problems are associated with increased obstacle avoidance 
failure rates.132930 The finding that in late stance and early swing conditions no 
significant group differences were observed may well be due to the small sample 
size. The average failure rates for these phases of obstacle release were also 
higher in the RA group than in the controls, but the between-group differences 
were smaller than in the mid-swing condition.
A possible reason for the higher failure rates in the RA group could 
have been a different preference of obstacle avoidance strategy. In other studies 
it was shown that elderly persons, compared to younger controls, prefer the 
LSS.12 This was also seen in patients with pathologies such as a stroke or a lower 
extremity amputation compared to healthy controls.2930 However, contrary to the 
findings in these studies, there were no differences in distribution of the obstacle 
avoidance strategies between the RA patients and their controls.
A less efficient choice of obstacle avoidance strategy can therefore not 
be the reason for the significantly higher failure rates of the RA patients. However, 
failures were not equally distributed over both strategies. In the mid swing 
phase, RA patients made significantly more failures during an SSS, whereas the 
number of LSS failures was not different between patients and controls. Of all 
the SSS strategies in the mid swing phase RA patients failed 48%, whereas the 
controls only failed 17% of the SSS trials. A failure during an SSS occurs when 
the step is not appropriately shortened and the participant touches the obstacle 
with the forefoot. Not only did the RA patients make more failures during an 
SSS in the mid swing phase, they also had significantly smaller toe distances to
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greater risk of touching an obstacle.
Why would the RA patients have special difficulties in executing an 
SSS? One reason could be that RA patients are slower in these reactions. 
The time to landing is much shorter in an SSS than in an LSS. Hence, if there 
is a delay in response this will have much more consequences for the SSS. 
Delayed obstacle avoidance reaction times and reduced response amplitudes 
are indeed related to higher obstacle avoidance failure rates.23 There is some 
indirect evidence indicating that RA patients have delayed reaction times and 
reduced speed of movement. Kauranen et al.31 suggested that because of motor 
unit problems, destructive and inflammatory changes in the joints and pain or 
fear of pain, patients with RA avoid performing fast movements as quickly as 
normal. However, they only studied hand movement and reaction times. The RA 
patients in this study showed an increase in reaction time of 16 ms compared 
to the controls. However, this difference was not significant, presumably due to 
high inter-subject variability, low sample size or heterogeneity of the RA group.
A limitation of the study is that walking on a treadmill with a fixed walking 
speed is not the same as overground walking. However, previous studies have 
shown that the differences between these walking conditions are minor.32 The 
mechanics of treadmill walking were not different from those of overground 
locomotion, as long as the treadmill speed was held constant.33 Furthermore, for 
obstacle avoidance it was shown that the same strategies are used in overground 
studies as in treadmill ones.13 In addition, treadmill walking allows for a much 
better control of walking speed. For these reasons our group has used a treadmill 
design in several studies.12'17'2327 The present experiment used exactly the same 
methods, thereby allowing comparison with these previous studies.
A second limitation concerns the group size. Because poor obstacle 
avoidance can distinguish fallers from non-fallers in healthy elderly17, it would 
have been of interest to examine the relationship between failure rate and 
falls in this group. However, our group size was not large enough to identify 
differences in obstacle avoidance performance between the RA patients who 
reported a fall in the year they monitored their fall incidence and those who 
did not. Nonetheless, it was shown that most of the falls in the one year follow-
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up occurred during walking (61%), with tripping over obstacles as a frequent 
cause, which may indicate that poor obstacle avoidance during walking is a risk 
factor for falling. Because of the small sample size it was also not possible to 
discriminate between subpopulations within the rather heterogenic RA group. 
Various RA-related factors may affect the ability to avoid obstacles while walking. 
The patient(s) with orthopaedic surgery of the lower extremity joints, high pain 
scores, high disease activity, longer disease duration or large numbers of affected 
joints, however, did not represent outlying values on the obstacle avoidance 
failure rates of the RA group in this study. Further research is needed to identify 
the critical determinants for the impaired obstacle avoidance performance of the 
RA patients.
In conclusion, RA patients are less successful in obstacle avoidance 
than healthy controls, which may put them at increased risk for falling. In order 
to design appropriate intervention strategies to prevent falls and fall-related 
fractures in persons with RA, further research of the reasons why RA patients are 
less successful in avoiding obstacles is required. Such investigations can help 
in understanding the contribution of this poor obstacle avoidance and other risk 
factors to the relatively high fall rates in persons with RA.
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Chapter 10
Step reaction time in persons with Rheumatoid 
Arthritis: a case-control study
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Step reaction time in persons w ith  Rheumatoid A rthritis : a case-control study. 
Accepted pending m inor revision.

Introduction
Patients with Rheumatoid Arthritis (RA) are known to have diminished strength 
and proprioception, reduced postural stability and higher pain levels; these 
impairments can contribute to an increased fall risk.1-5 Previous prospective 
studies have indeed demonstrated an elevated fall rate in RA patients (0.82 falls/ 
personyear,3 compared to 0.65 falls/personyear for healthy elderly persons6), with 
41-50% of RA patients falling at least once a year.37 Moreover, RA is associated 
with lower bone mineral density, which leads to an increased risk of fractures 
when a fall occurs.28 To design appropriate intervention strategies to prevent 
falls and fall-related injuries in RA patients, it is essential to gain further insight 
into the mechanisms underlying falls in patients with RA.
In daily life, there are many situations that can cause a loss of balance, 
such as a trip, slip, or a collision with a person or object. To prevent a loss of 
balance becoming a fall, two balance recovery strategies can be used, which 
both require fast limb movements. One can either take a rapid step to recover 
balance or quickly grasp an object to hold on to.9 With respect to the latter 
strategy, Kauranen et al10 provided evidence for RA-related impairments in fast 
upper extremity movements. In a manual reaction time task they found delayed 
reaction times and reduced speed of movement in RA patients compared to 
healthy controls. The impaired performance of the RA patients was suggested 
to contribute to their increased fall risk.
However, quick stepping is expected to be even more important for 
balance maintenance during activities of daily living11 and as protective postural 
strategy to prevent falling.12 Most research on quick stepping has focused on 
the elderly. It has been shown that, compared to younger persons, they have 
an impaired ability to initiate and execute a quick and accurate step, because 
of increased reaction and movement times.13 Furthermore, a step reaction task 
could discriminate between older persons who had and had not fallen.14 In RA 
patients, the ability to perform quick steps has not yet been investigated, but it 
may be expected that delayed reaction and/or movement times (in parallel with 
those observed for upper extremity movements) could help to explain their 
increased fall risk.
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healthy age- and sex-matched controls with respect to their performance on 
a step reaction time task. Furthermore, balance confidence, fear of falling and 
activity level were investigated, because these factors are known to be related 
to increased fall risk and delayed reaction time.15-18
Methods
Participants
Participants were recruited from visitors of the outpatient clinic of our 
rheumatology department. Fifteen patients with RA according to the ACR 
(American College of Rheumatology) criteria (10 female, mean age 60.6, SD:
7.3 years) were included in the study. Inclusion criteria were low disease 
activity, as judged by the treating rheumatologist, and stable DMARD (Disease- 
Modifying Anti-Rheumatic Drug) and steroid therapy in the last three months. 
Exclusion criteria were comorbidities that might affect reaction time or stepping 
performance (e.g. neurological disorders) and joint prostheses in the lower 
extremities. In addition, 15 age- and sex-matched healthy controls were included 
in the study (mean age 60.3, SD: 7.0 years).
The study was approved by the medical ethical committee of the region 
Arnhem-Nijmegen and all participants gave written informed consent.
Step reaction time
The participants performed steps in forward direction as quickly as possible after 
receiving a visual cue. As the starting position, participants stood barefoot on a 
force plate (Kistler, 40x60 cm) with their feet at a self-selected width and their 
body weight equally divided over both legs. A second, similar, force plate was 
placed directly in front and the borders of both force plates were clearly visible. 
A visual cue (LED light) was placed 2.5m in front of the participant (see Figure 1), 
at a height of 0.9m.
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After the participant was told that a trial started, the visual cue illuminated at a 
random delay of 2 to 6 seconds. Participants were instructed to step onto the 
second force plate as fast as possible after they noticed the visual cue. After two 
practice trials, ten steps were recorded for both legs in random order.
Reflective markers were attached to both feet on the heel, lateral 
malleolus and hallux. Marker positions were recorded by an 8-camera 3D-motion 
analysis system (Vicon, 100 Hz). Surface electromyography (EMG; ZeroWire 
2400 Hz) was used to record activity of the Tibialis Anterior (TA) and medial 
Gastrocnemius (GM) muscles of both legs. TA is the prime mover at the initiation 
of a step,19 whereas GM is active during push off. Furthermore, data from both 
force plates and a signal from the visual cue were recorded synchronously with 
marker position and EMG data (2400 Hz).
From the marker position recordings and the force plate data we 
determined two reaction time measures, the time from the visual cue to the 
onset of the Anticipatory Postural Adjustment (RT-APA) and the time from cue to 
foot lift (RT-FL). The APA is a preparatory action for stepping and is characterized 
by increased loading of the swing leg and mediolateral displacement of the 
Centre of Pressure (COP) towards this leg, followed by unloading and lifting of 
the foot.20-22 The RT-APA onset was defined as the instant that the mediolateral 
COP-position exceeded the mean position plus two standard deviations, as 
measured over two seconds before illumination of the visual cue. The instant 
of RT-FL was determined from the 3D kinematics of the foot, and defined as the 
start of movement in anterior direction. Movement time (MT) was defined as
147
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Ithe time between foot lift and contact of the stepping foot with the second force 
plate. Figure 2 shows an example of the data measured during the execution of 
a step and the corresponding events of interest.
From the force plate data we determined the maximum push off and 
landing force of the stepping leg, normalized for body weight. The EMG data 
were used to identify the onset latencies for TA and GM of the stepping leg. EMG
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Figure 2: An example o f the data fo r a step reaction. The events are: Visual Cue (VC), 
A ntic ipa tory Postural Ad justm ent (APA), Foot Lift (FL) and Foot Contact (FC). The time 
between VC and APA is defined as reaction time APA (RT-APA), the time between VC 
and FL is the reaction tim e FL (RT-FL), and the tim e between FL and FC is defined as 
the m ovem ent time (MT).
The upper graph shows the Fy; the ground reaction force in medio-lateral (ML) 
direction, to define the RT-APA. The second graph (TOEx) represents the m ovem ent 
o f the toe marker in anterior-posterior (AP) direction, to define RT-FL. The third graph 
represents the Fz; the ground reaction force in vertical d irection, which was used to 
define FC.
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signals were full-wave rectified and low-pass filtered at 100Hz (second-order 
zero-lag Butterworth-filter). Muscle onset was defined as an increase in muscle 
activity, for at least 30 ms, of more than two standard deviations of the mean 
signal, as determined over two seconds before illumination of the visual cue.
Manual reaction time
To be able to compare our results to those of Kauranen et al.10, a manual reaction 
time task was conducted as well. This task was performed with a button box with 
one black home button and five orange target buttons. Participants started with 
their preferred index or middle finger on the home button. When the light in a 
target button switched on they had to press that button as quickly as possible. 
The procedure included a simple task (15 trials with one target button), and a 
choice task (45 trials with three possible target buttons).
Reaction time (RT) was determined as the time between illumination of 
the light on the target button and release of the home button. The movement 
time (MT) was the time between releasing the home button and pressing the 
target button.
Questionnaires
The following data were obtained to characterize the RA patients: disease 
duration, number of affected joints, medication use, Visual Analog Scale (VAS) 
scores of pain during rest and walking, stiffness and fatigue (e.g. 0 = no pain, 
100 = severe pain) and scores on the Health Assessment Questionnaire (HAQ)23 
and Arthritis Impact Measurement Scales 2-Short Form (AIMS2-SF)24.
In both groups the following variables were assessed: the short version 
of the Activity-specific Balance Confidence (ABC) scale was selected to measure 
balance confidence.25-27 The short-ABC assesses balance confidence rated for 
six activities of daily living with a minimum score of 0% (no confidence) and a 
maximum score of 100%.16
The Dutch version of the survey of activities and fear of falling in the 
elderly (SAFFE-nl) assesses fear of falling and activity restriction.1528 Participants 
indicated whether they would avoid 17 activities of daily living because of fear of 
falling, using a three point scale ranging from never (1) to always (3).
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(SQUASH) was used in a structured interview to assess physical activity. Scores 
for the activities were computed by the active minutes in one week multiplied 
with a factor for intensity, defined as the ratio of work metabolic rate to a standard 
resting metabolic rate; metabolic equivalent task (MET).29
Statistical analysis
The sample size of this study (n = 15 matched pairs) was calculated such that a 
minimal, clinically relevant, between-group difference of 25 ms in reaction and 
movement time could be detected with a two-tailed a of 0.05, a power (p) of 0.8, 
and an estimated standard deviation of 32 ms in the paired differences.
The results of the RA patients and their matched controls on the step 
reaction time task were compared with paired t-tests. For all step parameters 
there were no differences between the left and right leg, therefore the pooled 
results were analyzed.
For the manual reaction time task a repeated measures analysis of 
variance (ANOVA) was performed, with 'Group' (RA vs. control) and 'Difficulty' 
(single vs. choice) as within-subjects variables.
Furthermore, Pearson correlation coefficients were determined between 
the step variables, between the step and manual reaction and movement times, 
and between the scores on the questionnaires and the reaction and movement 
times. Alpha was set at 0.05.
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Results
Participants
Patient characteristics are presented in Table 1. According to their HAQ scores, 
the RA patients in this study were moderately affected by their disease.30
Table 1: Characteristics o f the RA patients (n = 15)
Patients' characteristics (n = 15)
Mean disease duration (months (sd)) 
Number o f affected jo ints (mean (sd))
179 (101) 
9.0 (4.6)
Medication (% o f RA patients)
- Acetam inophen 60.0
- NSAIDs 66.7
- DMARDs 66.7
- Biologicals 53.3
- Corticosteroids 20.0
- Osteoporosis medication 26.7
HAQ (mean (sd)) 1.5 (0.6)
AIMS2-SF (mean (sd))
- Physical 2.3 (1.3)
- A ffect 3.4 (1.6)
- Symptom s 5.4 (2.3)
- Social interaction 3.5 (1.7)
- Role 3.3 (2.6)
VAS (mm (sd))
- Pain during rest
- Pain during walking
- Stiffness
- Fatigue
31.6 (25.0) 
40.4 (25.7)
51.7 (21.7) 
55.1 (29.3)
NSAID: Non-Steroidal Anti-InRT-FLammatory Drug, DMARD: Disease M odifying A n ti­
Rheumatic Drug, VAS: Visual Analogue Scale, HAQ: Health Assessment Questionnaire, 
AIMS: A rthritis  Impact Measurement Scale
Measurements
The results of the step reaction time task, the manual reaction time task and the 
questionnaires are presented in Table 2. Figure 3 shows the time to the step 
events.
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Table 2: Results of step reaction tim e task, manual reaction time task and the question­
naires.
Patients Controls
Step reaction time task
Time to APA (RT-APA) (ms (sd)) 243 (34) 225 (39)
Foot lift tim e (RT-FL) (ms (sd)) 541 (102) 512 (76)
M ovem ent time (MT) (ms(sd))* 344 (52) 285 (76)
Step length (mm) 393 (28) 390 (39)
Step ve locity (m/s)* 1.17 (0.16) 1.48 (0.45)
Push o ff force (N/N)* 1.08 (0.04) 1.11 (0.03)
Landing force (N/N) 0.82 (0.17) 0.89 (0.15)
Onset latency m. Tibialis A nterior (ms) 199 (32) 186(37)
Onset latency m. Gastrocnemius (ms) 390(132) 318(48)
Manual reaction time task
Reaction time (ms (sd)))*
Simple
Choice
271 ±  30 
290 ±  41
238 ±  25 
259 ±  45
M ovem ent time (ms(sd))
Simple * 
Choice
255 ±  60 
255 ±  51
209 ±  61 
222 ±  54
Questionnaires
Balance confidence (short-ABC)* 51.6 ±  26.4 83.5 ±  14.8
Fear o f falling (SAFFE-nl)* 27.8 ±  6.7 19.6 ±  4.5
Physical activ ity (SQUASH) 6510 ±  4210 7676 ±  3447
RT-APA: A ntic ipatory Postural Adjustm ent, ABC: Activ ity-specific Balance Confidence 
scale, SAFFE-nl: Dutch version o f the Survey of Activ ities and Fear o f Falling in the 
Elderly, SQUASH: Short Questionnaire to Assess Health-enhancing activity 
*p< 0 .05
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Figure 3: Average time to the different step events fo r the RA patients and the 
controls. The signs represented the mean plus or minus one standard deviation. APA: 
anticipatory postural adjustment, FL: Foot lift, FC: Foot contact.
* indicates significant differences between the groups (p<0.05).
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Step reaction time
The RA patients showed a delayed RT-APA, RT-FL and MT compared to the 
healthy controls, but the difference was only significant for MT (p=0.179, 
p=0.347 and p=0.020, respectively). As step length was similar between the 
groups (p=0.844), it follows that step velocity was also significantly lower in the 
RA patients (p=0.034). The longer MT and lower step velocity associated with a 
lower push off force (R=-0.591, p=0.001 and R=0.658, p<0.001, respectively), 
and this force was significantly lower in the RA patients than in the controls 
(p=0.021). The landing force was not different between the groups (p=0.298).
The EMG data showed that in both groups, the TA of the stepping leg 
indeed became active just before the onset of the RT-APA and the timing of these 
events was highly correlated (R=0.811, p<0.001). Hence, in parallel with the 
absence of significant between-group differences in the RT-APA, no differences 
could be demonstrated in the onset latencies of TA as well (p=0.261). The onset 
of GM activity was between RT-APA and RT-FL and associated with the time to 
RT-FL (R=0.605, p<0.001). No significant differences in GM onset latencies could 
be demonstrated between the groups (p=0.261 and p=0.061), which was in 
agreement with the absence of significant between-group differences in RT-FL.
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The RA patients were significantly delayed in their manual RT compared to the 
control group, independent of task difficulty (main effect of 'Group', p=0.042). For 
MT a significant 'Group' x 'D ifficulty' interaction effect was observed (p=0.042), 
with the RA patients moving slower than controls in the simple task (p=0.045), 
but not in the choice task (p=0.099). Faster manual RT associated with faster RT- 
FL in the step reaction time task (simple: R=0.523, p=0.003; choice: R=0.431, 
p=0.023). In addition, faster manual MT also associated with faster stepping MT 
(simple: R=0.623, p<0.001; choice: R=0.609, p<0.001).
Questionnaires
Two ABC and two SAFFE questionnaires were not completed according to 
the instructions. All participants completed the SQUASH. RA patients had 
significantly lower balance confidence (p=0.001) and higher fear of falling and 
consequent restriction of activities (p=0.004). The reported amount of physical 
activity was not different between the two groups (p=0.440).
Both the ABC and SAFFE scores were associated with RT, as indicated by 
a significant correlation between these scores and the RT-FL and simple manual 
RT. SAFFE scores were also associated with choice manual RT (R-values ranging 
from 0.397 to 0.545, p-values from 0.036 to 0.003). There were no significant 
associations between physical activity and RT and MT.
Discussion
The aim of this study was to investigate whether RA patients would have delayed 
stepping reaction and movement times in comparison with healthy controls, 
similar to those previously demonstrated for hand movements.10 The results of 
this study showed that the RA patients indeed moved their stepping leg at a 
lower velocity in comparison with healthy age- and sex-matched controls, which 
resulted in increased movement times. This was related to a reduced push off 
force. On the other hand, reaction times for performing a quick step were not 
significantly delayed in RA patients.
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154
10
Previous studies have demonstrated that voluntary step execution 
was sensitive to aging121331-33 and neurological diseases.3435 Furthermore, it 
has been shown that increases in both step reaction13 and movement time36 
were associated with falls. Our study shows that also in RA patients the ability 
to perform quick steps is affected. These findings are in line with observations 
from our previous work37, in which we demonstrated that fast on-line stepping 
adjustments to avoid a sudden obstacle were deteriorated in RA patients. In this 
task, RA patients showed much more frequent obstacle contacts, particularly 
when time pressure to avoid the obstacle was high. As the RA patients only 
demonstrated a small, non-significant, delay in their responses to the obstacle, 
reduced movement speed is suggested to primarily explain their impaired 
obstacle avoidance performance. These findings on such an important task of 
daily life also demonstrate the potential functional consequences of an impaired 
ability to perform quick steps. The observed stepping deficits in RA patients are 
therefore expected to contribute to their increased risk of falling.
A possible reason for the reduced stepping velocity might be that 
the RA patients are more careful to avoid painful movements and, therefore, 
consciously reduce their push off force. Furthermore, RA patients are known 
to have reduced muscle force5, which can also contribute to a decreased ankle 
plantar flexion moment38-41 resulting in a reduced push off force. However, the 
observed push off force in the RA patients was on average only 108% of their 
body weight. For comparison, during a jump push off forces of 160 to 220% 
body weight are generated in healthy persons.4243 Furthermore, from some of 
the RA patients participating in the present study, clinical gait analysis data were 
available. During gait at comfortable velocity their push off forces were 109%- 
119% of the body weight. It is therefore unlikely that the RA patients used their 
maximal muscle force during the execution of the step. Hence, more research 
is necessary to investigate the causes of the reduced push off force and step 
velocity during a quick step in RA patients.
In addition to the step reaction time task, the participants performed a 
manual reaction time task. The results of this task largely mirrored the findings 
reported by Kauranen et al.10, with delayed reaction times and increased 
movement times (albeit only significantly in the simple reaction time task) in the
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_RA patients. Interestingly, the results of the step reaction time task associated 
with the results on the manual reaction time task, with respect to both RT and MT. 
These findings point at a general RA-related process that affects the initiation and 
execution of fast movements of both the upper and lower extremity. However, 
for the step task, no significant group effects could be demonstrated in reaction 
times. Reaction times typically reflect the information processing speed in the 
central nervous system, whereas movement times relate to functioning of the 
musculoskeletal system. Hence, the present results indicate that the RA-related 
deficits in fast movements are probably more pronounced in the execution of 
these movements than in central information processing.
In this study, we also measured balance confidence, fear of falling and 
physical activity as fall risk factors. The RA patients had significantly less balance 
confidence and more fear of falling. Both factors are associated with an increased 
fall risk.1516 Interestingly, both factors also associated with delayed reaction 
times on both the manual and stepping task, but it remains unclear whether 
these associations may reflect any causal relationship. With respect to physical 
activity, previous studies reported that persons who are more physically active 
have a faster RT and MT.1718 Our study did not support such an association, and 
as the level of physical activity was not different between the groups, this factor 
presumably does not account for the deficits in the step parameters in the RA 
patients.
A limitation of the present study was that all RA patients used medication, 
which might affect their reaction times, although there is no indication for a clear 
relationship. It should be noticed that almost all RA patients use medication, 
similar to the ones used in our study sample, making this a legitimate 
representation of the overall RA population. Furthermore, stepping MT rather 
than RT was affected in the RA patients. Hence, it is unlikely that the present 
results can be attributed to the use of medication.
A second limitation was that the study design did not allow us to directly 
assess the relationship between the deficient performance on the step reaction 
time task and falls in daily life in the RA patients. For this purpose, future studies 
on quick stepping should be conducted with larger sample sizes, in which falls 
are measured prospectively.
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In conclusion, when performing a quick step, RA patients show a delayed 
movement time and step velocity and reduced push off. Because quick stepping 
is often used to prevent a fall, the increase in step execution time might have 
undesirable consequences. Furthermore, as compared to healthy controls the 
RA patients have lower balance confidence and more fear of falling, which are 
also known factors that contribute to a higher fall risk. For future research it 
would be of interest to study whether the performance of quick steps can be 
trained in RA patients and whether this results in a reduction of falls in daily life.
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Chapter 11
General discussion

The main objective of this thesis was to investigate the problem of falling and the 
prevention of falls in persons with rheumatic diseases, specifically persons with 
osteoporosis and RA. The first topic of this thesis focuses on osteoporosis. Our 
goal was to develop and evaluate a falls prevention program and to investigate the 
risk of falling in this population. The second topic was to determine the extent of 
the problem of falling and to identify potential fall risk factors in persons with RA. 
In this general discussion an outline of the main findings and conclusions of this 
thesis will be given as well as limitations of these studies and recommendations 
for future research.
Falls prevention and fall risk factors in persons with osteoporosis
Since persons with osteoporosis have an increased risk of falls and fall related 
injuries,1-6 falls prevention is important for this target group. Our review (Chapter 
2) showed that exercise interventions might reduce falls and fall-related fractures 
in persons with low bone mineral density (BMD). However, only a few studies 
have investigated the direct effect of exercise on preventing falls and injuries in 
persons with osteoporosis.7-9 Therefore, the need to develop a falls prevention 
program specifically for persons with osteoporosis is justified.
A safe and effective multi-modal falls prevention program for persons with 
osteoporosis was developed, based on the effective Nijmegen Falls Prevention 
Program (NFPP)10. Persons with osteoporosis were previously excluded from 
participation in this training program, for safety reasons, particularly with 
respect to the practice of fall techniques. Adaptations to the original program 
were deemed necessary for patients with osteoporosis.
In adapting the program for osteoporosis, safety of training of falls 
techniques was investigated. These fall techniques can reduce fall severity 
by reducing impact force,11 and therefore are expected to reduce the risk of 
injuries. We established that fall exercises can be safely executed in persons with 
osteoporosis if some precautions are taken. Persons with osteoporosis should 
all wear hip protectors, exercises from kneeling height can only be performed on 
a thick mattress, and the execution of a forward fall from standing height should 
be avoided (Chapter 3). The resulting intervention to prevent falls in osteoporosis
______________________________________________________________________________________________g e n e r a l  d i s c u s s i o n
Ithus includes safely conducted training of fall techniques, to date the only falls 
prevention program for persons with osteoporosis to include this feature.
Furthermore, a multidisciplinary team evaluated possible additional 
disease-specific adjustments that needed to be considered when developing 
a falls prevention program for persons with osteoporosis. The final program 
consists of education on osteoporosis and safety in and around the house, 
weight bearing exercises, correction of gait abnormalities, practice on an 
obstacle course, walking exercises in a crowded environment and training of fall 
techniques (Chapter 4). This program was effective in reducing the number of 
falls and in increasing the participants level of balance confidence (Chapter 5).
This is the first study of a short falls prevention program for persons 
with osteoporosis, for which the efficacy evaluation was prospectively planned 
by monthly self-report during the first year following the training. In addition, 
the program was shown to be safe for persons with osteoporosis; all persons 
with osteoporosis who participated in the intervention were able to perform the 
exercises and no adverse effects were reported.
It would be of interest to study whether the reduced number of falls, 
as a consequence of the NFPP for persons with osteoporosis and the use of 
the trained fall techniques, are of influence on the number of injuries. Previous 
studies have shown that prevention of falls reduces the number of fractures and 
other injuries.12-16 In the study of falls prevention in persons with osteoporosis, 
there were fewer serious injuries in the exercise group, albeit not statistically 
significant (Chapter 6). In order to be able to demonstrate whether the NFPP for 
persons with osteoporosis results in a reduction of injuries larger Randomized 
Controlled Trials will be necessary.
The role o f obstacle avoidance skills
Since the performance of persons with osteoporosis was shown to be comparable 
to that of a community sample of older adults, we could conclude that persons 
with osteoporosis had no extra fall risk because of deteriorated obstacle 
avoidance skills (Chapter 6). Obstacle avoidance performance is important since 
almost all falls occur during walking and previous studies have reported that 
59% of the falls are caused by tripping or slipping.1718 This was confirmed in our
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study; the persons who participated in the study on the NFPP for persons with 
osteoporosis, indeed reported that for both groups more than 60% of the falls 
in the year of follow up occurred during walking; 62% in the exercise and 65% 
in the control group.
The obstacle avoidance task was also used to evaluate the working 
mechanism underlying the NFPP for persons with osteoporosis. Obstacle 
avoidance skills had been practiced during the obstacle course of the program 
which might therefore, at least partly, explain the successful reduction in 
the number of falls. In previous studies involving healthy elderly persons, 
improved obstacle avoidance skills have been shown as a result of an exercise 
intervention.1019 However, the control group in our study showed similar 
improvement in obstacle avoidance performance as was observed in the 
participants of the NFPP for persons with osteoporosis (Chapter 7).
The observed results might indicate that a learning effect on the obstacle 
avoidance task is at work. Some unpublished preliminary findings from two 
other studies using the same assessment task seem to underline the possibility 
of a learning effect. In a recent study on obstacle avoidance performance and 
alcohol use in healthy persons (Hegeman, unpublished data) the participants 
showed a significant improvement in their performance between the first two 
baseline measurements, during which no alcohol was used yet. In another study, 
on the influence of spinal cord stimulation on balance and locomotion in patients 
with chronic neuropathic pain, the same obstacle avoidance task had also been 
used. In that study a significant improvement in obstacle avoidance performance 
was found when the baseline measurement was compared with a subsequent 
measurement during which the stimulator was placed but not functional (Rijken, 
unpublished data).
It thus appears that learning effects are quite general, which underlines 
that for the evaluation of an intervention more precautions are necessary to 
eliminate a possible learning effect. For future studies, therefore, comparing the 
results on an obstacle avoidance task of the intervention group to those of a 
control group is recommended, as was done in our study. The learning effect 
would be controlled in both groups, making it possible to identify improvement 
that could be attributed to the intervention itself. Furthermore, when investigating
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Ian intervention in a study without control group, a double baseline measurement 
before an intervention is recommended. The second baseline measurement 
can then be used to compare with the post-measurement results, because of 
which the interaction with a learning effect can be limited. Indeed, our study 
showed that no significant changes occurred after the second measurement in 
the control group.
On the other hand, the obstacle avoidance task is well suited for 
comparison of groups at a baseline measurement. This was demonstrated 
among various patient categories (stroke, amputation and osteoarthritis) that 
were compared to healthy persons as well as comparison between elderly and 
young persons.20-23
Our study showed that improved obstacle avoidance performance cannot 
explain the working mechanism of the NFPP for persons with osteoporosis. 
Possibly the other elements of the program are of more importance. More 
research on the contribution of the various elements to explain the working 
mechanism of the NFPP for persons with osteoporosis is required.
Application in daily life
Another question that remains to be investigated is whether persons who were 
trained in the fall techniques during the program will also be able to use these 
techniques during an unexpected fall in daily life. A comment that is frequently 
made is that a fall in real life happens too fast to be able to modify the fall. 
However, in a study where unexpected falls were evoked by abruptly translating 
a gymnasium mattress upon which the participants were standing, the average 
time between mat movement and contact with the mat was 680 (SD 116) ms for 
the wrist and 715 (SD 160) ms for the hip.24 Further, in a study by van Swigchem 
et al. it was shown that even inexperienced fallers were able to employ a specific 
fall technique within the duration of a fall from kneeling height. The time between 
the trigger to fall and the initiation of a fall technique was 180-190ms.25 These 
findings indicate that there is sufficient time after the start of a fall to consciously 
modify the fall before impact.
Some previously unpublished assessments had been conducted during 
our study to be able to answer the question whether participants of the study
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were able to use the fall techniques during an unexpected fall. Participants in the 
study on the NFPP for persons with osteoporosis who reported a fall during the 
follow up period were contacted by phone. During a structured interview 26 falls 
in the exercise group and 18 falls in the control group were evaluated in more 
detail (see Table 1). In about half of these cases the persons reported that they 
were conscious that they were falling during the fall. These are the falls in which 
it seems most likely to be able to execute a trained fall technique. One third of the 
participants of the exercise group reported consciously using the martial arts fall 
techniques. When elements of these fall techniques were analyzed separately it 
appeared that for 88% of the falls the trained faller had been able to apply one of 
the elements of the safe fall techniques as compared to 67% in the control group. 
However, statistical analysis (x2 tests, a=0.05) showed no significant differences 
between the exercise and control group for the use of the different elements of 
the martial arts fall techniques (unpublished data).
______________________________________________________________________________________________g e n e r a l  d i s c u s s i o n
Table 1: Evaluation of the use of fall techniques during falls in daily life (%)
Exercise group 
(26 falls)
Control group 
18 falls)
p-value
Conscious of falling 42 50 0.76
Conscious use o f fall techniques 33 n.a. n.a.
Head control 58 39 0.358
Not landing on outstretched arms 77 56 0.191
Rolling 11 0 0.258
However, one has to be aware that these telephone interviews are not 
real time measurements of these fall accidents, and important details might have 
been forgotten. Furthermore, since the participants of the program were trained 
in the fall techniques they might be more prone to give positive answers on the 
questions about the use of these techniques. Therefore, it requires further study 
to elucidate the applicability of fall techniques during unexpected falls in daily 
life.
IImplementation
This thesis shows that the NFPP for persons with osteoporosis results in a 
reduction of fall incidents. In the future, it is important that the NFPP for persons 
with osteoporosis will be implemented in the health care system, such that 
more people will be able to benefit from participation. Our previous work has 
demonstrated that the implementation of an effective falls prevention program 
(NFPP) in the healthy community dwelling elderly is possible26, our experience 
with the implementation of this program has not been reported as a full chapter 
but will be briefly discussed here.
Many randomized controlled trials (RCTs) have provided conclusive 
evidence that exercise programs are effective in the prevention of falls in 
community-dwelling older persons,27 including the Nijmegen Falls Prevention 
Program (NFPP),10 but after implementation in daily clinical practice, these 
programs may be less effective, because these settings differ considerably from 
the well-controlled studies in which the efficacy was first demonstrated. For 
instance, inclusion criteria for participation are usually much less stringent than 
in clinical trials, and the original training protocol is often followed less strictly. 
Furthermore, there is an inherent loss of expertise with knowledge transfer to 
new trainers. Although other researchers have acknowledged the limitations 
involved in implementation,28 the effectiveness of falls prevention exercise 
programs beyond the well-controlled research settings has received surprisingly 
little attention. Therefore, the efficacy of the NFPP nationwide implementation in 
routine physiotherapy practice was evaluated.
Physiotherapists included the NFPP in their clinical practice on the 
basis of a detailed training protocol. Before and after the exercise program they 
conducted clinical balance and gait test. Furthermore, before the start of the 
intervention, the participants were asked how many falls they had experienced 
in the past year. After participation, falls were prospectively monitored during 
one year using monthly fall registration cards. Ten facilities managed to train 
one or more groups of participants in 2007, of which eight provided data for a 
total of 88 participants (age 73.8, SD = 6.9 years, range 56-89). The participants 
returned 81.3% of the fall registration cards. Fall frequency decreased by 
32%, from 1.36 falls per year before the intervention to 0.92 falls per year after
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participation in the NFPP (relative risk = 50.68, 95% confidence interval = 50.50­
0.91), compared with a 46% reduction in the original RCT.10 Clinical balance and 
gait tests improved significantly (3.2-22.5%; paired t-tests, all P<.01; Table 2). 
Fear of falling also decreased significantly (P<.001).
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Table 2: Results o f the Clinical balance and gait tests of the im plem entation project 
(mean test scores (standard deviations))
Pretraining Posttraining p-value
Berg Balance Scale* 51.0 (4.1) 52.7 (3.5) <.001
Functional Reach, cm 24.0 (9.6) 26.0 (7.4) .01
Timed one-leg stance, seconds1" 14.2 (10.5) 17.4 (10.7) <.001
Timed tandem stance, seconds1 21.3 (9.4) 24.1 (8.3) <.001
Step test, seconds* 15.7 (10.2) 13.4 (8.3) <.001
Maxim um  step length, m 0.91 (0.17) 0.96 (0.16) <.001
Comfortable gait speed, m/s 1.01 (0.20) 1.09 (0.21) <.001
Visual analog scale fear of falling, % 44.8 (27.7) 33.3 (22.7) <.001
*Range 0-56; higher values represent better performance. 
+M axim um  time o f 30 seconds.
JTime to com plete eight alternate foo t placements on a step.
After implementation in daily clinical practice, the NFPP was still effective 
at preventing falls and improving balance and gait abilities; the most important 
risk factors for falls. This implies that the training mechanisms through which 
the beneficial effects are established are not very vulnerable to the inherent 
limitations involved in the process of implementation. In conclusion, the present 
results provide support for widespread implementation of falls prevention 
exercise programs for which effectiveness has been demonstrated in a RCT.26
Falls and fall risk factors in RA
As described in Chapter 8, fall rate is high in RA patients (0.82 falls/person year). 
The falls were registered prospectively, which makes this estimate of falls is 
more accurate than in most other studies of falls in RA, as this is a more reliable 
registration method.2930 Furthermore, the fall rate was higher than previously 
reported,31-33 probably because in these retrospective studies falls were 
forgotten. Fall risk factors that were identified in RA patients were a fall history
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Iand high pain levels. Patients with a fall history had almost 10 times more chance 
of experiencing a fall during the following year. In another recent, prospective, 
study it was also found that the number of falls in RA patients is higher than in 
the general population.34 In that study the fallers had more swollen joints, used 
more antihypertension medication and/or diuretics, had poorer postural stability 
and tended to have reduced physical performance. Similarly, in our studies a 
reduced physical performance was seen in the RA patients since both obstacle 
avoidance performance and the ability to execute quick steps was deteriorated 
in RA patients compared to healthy controls (Chapter 9 and 10).
Because of the high fall rate and contributing risk factors for falls, 
there was a need to develop a falls prevention programs for patients with 
RA, specifically those with a fall history. However, at the start of this study no 
specific program for RA patients had been described in the literature. Therefore, 
we performed a pilot study, previously unpublished, for which the NFPP was 
modified by a multidisciplinary team to meet the demands of patients with RA. 
Using this modified version, we examined the feasibility of such an intervention 
Two major modifications of the existing program for persons with osteoporosis 
were needed: 1) education on the disease had to be changed and 2) instead 
of only weight bearing exercises also mobility exercises were performed in 
the NFPP for persons with RA. Since the fall techniques were already safe for 
persons with low bone mass density this element did not have to be altered.
To date, nine RA patients with a fall history participated in the NFPP for 
persons with RA (3 male, 6 female, mean age 62.8 (SD = 8.6)) and the results 
will be briefly reported here as the basis for future publication. There were two 
measurement moments before the start of the program, with a 2 week interval 
between them, and one after the end of the program. During the measurements, 
walking characteristics were measured in the gait laboratory. Furthermore, 
balance performance was measured using the functional reach and step test, 
and physical activity was assessed with a pedometer for one week. In addition, 
several questionnaires were completed by the participants, measuring balance 
confidence (short Activity-specific Balance Confidence scale (ABC)), pain at 
rest and while walking, fear of falling, stiffness and fatigue (Visual Analog Scale 
(VAS)), daily functioning (Health Assessment Questionnaire (HAQ)), health status
c h a p t e r  1 1__________________________________________________________________________________________________________
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(Arthritis Impact Measurement Scale 2 short for (AIMS2-SF)), fear of falling and 
activity restriction (Survey of activities and fear of falling in the elderly (SAFFE- 
nl)) and physical activity (Short Questionnaire to ASsess Health-enhancing 
physical activity (SQUASH)).
Thus far, analyses of the walking characteristics showed that the 
participation in the NFPP for persons with RA resulted in increased walking speed 
and stride length and decreased double support time in the RA participants 
(p<.001). It is known that persons who are concerned or fearful about falling have 
a lower gait speed, short stride length and increased double support time.3536 Slow 
gait speed is related to an 1.5 increase risk for falls.37 Improvement in these gait 
parameters might be related to a reduction in fall risk and fear of falling. Another 
indication that fear of falling was reduced after the RA patients participated in 
the program was found in the results of the questionnaires; participants showed 
significant improvement in balance confidence (short Activity-specific Balance 
Confidence scale (ABC)) and fear of falling (Visual Analog Scale (VAS)) (see 
Table 3). Furthermore, improved physical activity (physical score of the Arthritis 
Impact Measurement Scale 2- Short Form (AIMS2-SF)) and balance performance 
(functional reach) was seen in the participants after participating in the falls 
prevention program for persons with RA.
On the evaluation form all RA patients reported the elements of the 
program to be informative and pleasant. Furthermore, 7 of the 9 participants 
reported to feel less at risk of falling, all participants had less fear of falling, and 
8 of the 9 participants would recommend the program to other RA patients. 
(Smulders, unpublished data)
The results of this pilot study on the NFPP for persons with RA suggests 
that this program should also be effective in reducing fall risk factors in the RA 
population. In the future, it might be advantageous to combine both programs 
(for RA and osteoporosis patients); the groups only need to be separated for the 
educational sessions, since the rest of the sessions can be performed by both 
patient categories. This will may make it easier to implement the falls prevention 
program.
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Table 3: Results of the p ilo t study on the NFPP for persons w ith  RA (n=9)
Baseline Pretraining Posttraining p-value
Short ABC 51.5 (23.9) 45.6 (24.2)* 66.2(17.6)* 0.020
VAS
- pain in rest
- pain during walking
- stiffness
- fatigue
- fear of falling
40.5(28.5)
35.2(22.3)
63.8(24.6)
59.3(30.3)
56.4(40.0)
47.6(23.7)
45.0(24.3)
57.5(28.5)
66.3(31.4)
54.4(36.5)
41.7(27.4)
39.7(31.0)
47.2(30.6)
54.3(32.4)
21.7(21.9)*
0.725
0.370
0.168
0.210
0.050
SAFFE-nl 27.1(4.7) 23.4(11.3) 24.7(5.0) 0.110
SQUASH 6176 (2746) 6247 (2749) 5370 (2778) 0.671
AIMS
- physical
- affect
- sym ptom s
- social interaction
2.6(1.2)
2.9(1.8)
6.1(2.7)
3.5(1.4)
2.4(1.1)
2.8(2.0)
5.8(2.2)
3.1(1.2)
1.8(0.9)*
2.6(1.6)
6.4(2.8)
3.3(0.9)
0.028
0.750
0.462
0.548
HAQ 1.5(0.5) 1.3(0.4) 1.2(0.2) 0.169
Functional Reach (cm) 27.7 (5.1) 27.8(4.5) 32.7(5.4) 0.046
Step test (nr of steps) 6.1(1.5) 6.2(1.1) 6.5 (1.0) 0.318
Pedometer (nr o f steps a day) 4650(2134) 4448(2255) 4955(2134) 0.353
P-value represents the effect of 'm easurem ent'; which was the w ithin-subjects parameter 
o f the repeated measures ANOVA.
* significant in post hoc paired t-tests (p<0.05)
However, to be able to establish an effective implementation of the program, 
more awareness of the problem of falling in persons with rheumatic diseases is 
necessary, both in the patients and in the persons who treat them. Even though 
our studies, and also previous studies from other groups, have demonstrated 
that there is an increased risk for falling in these patient categories, with higher 
number of falls and also higher risk of injuries because of diminished bone 
strength, we have noticed, unfortunately, that the inclusion of patients for our 
study was rather difficult. Hopefully, this thesis will change the attitude of all 
groups involved (patients, rheumatologists and the allied health professionals 
who work with persons with rheumatic diseases). An important aspect is that 
not only did we show that the fall risk is higher and more falls are reported in 
these patient categories, compared to healthy persons, but also we developed 
effective interventions to prevent these falls, and are thereby likely to prevent 
injuries in persons with rheumatic diseases. This will increase the quality of
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life for persons with rheumatic diseases, as well as the persons around them. 
Furthermore, this is of interest for society as a whole since it may lower public 
health care costs.
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Falling is a major health care problem, with high number of fallers every year. 
These falls can have serious consequences like injuries and diminished quality of 
life. Furthermore, they cause high costs for society. Therefore, falls prevention is 
very important and effective fall prevention programmes have been developed. 
Most falls prevention program are designed for healthy community dwelling 
elderly. However, several patient categories, including patients with rheumatic 
conditions, are more likely to fall or are more at risk for injuries. Falls in rheumatic 
conditions have often been underestimated and not much research has been 
done on this topic. Therefore, the main aim of this thesis focuses on the risk 
factors and preventive strategies for falls in persons with rheumatic diseases, 
specifically those with osteoporosis and RA.
Chapter 1 is a general introduction describing possible reasons why persons 
with rheumatic diseases, specifically those with osteoporosis and Rheumatoid 
Arthritis (RA), are more at risk for falls. Both diseases are related to falling 
because of changes in mobility associated with impaired balance and physical 
performance. Furthermore, the risk for fractures due to falls is enlarged because 
of diminished bone strength. At the end of this chapter the objectives and outline 
of the thesis are given. The first aim of this thesis was the development and 
evaluation of a falls prevention program for persons with osteoporosis and 
to investigate fall risks in this population (Chapter 2-7). The second aim was 
to determine the extent of the problem of falling in persons with RA and to 
investigate possible risk factors that contribute to these falls (Chapter 8-10).
In Chapter 2 it was investigated, by means of a systematic review, which 
exercise interventions are effective in individuals with low bone mineral density 
(BMD; osteopenia or osteoporosis) to reduce (risk factors for) falls and fractures. 
Twenty-eight publications, published between 1996 and June 2008, met the 
inclusion criteria. Interventions with balance exercises reduced falls or fall- 
related fractures and improved balance in the majority of the studies. Muscle 
strengthening exercises were effective in improving lower extremity strength
Summary
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and back extensor strength; however, not all RCT's reported positive effects. 
Bone strength was improved by weight-bearing aerobic exercise with or without 
muscle strengthening exercise, when the duration of the intervention was at 
least one year. From this review it was concluded that exercise can be effective in 
reducing falls, fall-related fractures and several risk factors for falls in individuals 
with low BMD. Exercise interventions for persons with osteoporosis should 
include weight-bearing activities, balance exercises and strengthening exercises 
to reduce the risk for falls and fractures.
In Chapter 3 a study was described to determine whether martial arts (MA) fall 
training would be safe for persons with osteoporosis. Osteoporosis is a well- 
established risk factor for fall-related hip fractures. Therefore, training fall arrest 
strategies, such as MA fall techniques, might be useful to prevent hip fractures 
in persons with osteoporosis. However, it is important to be certain that this 
training is safe for the target group. Because of safety reasons this study was 
not performed on persons with osteoporosis, but results were extrapolated 
from the data measured in healthy young individuals. Sideways and forward 
MA falls were performed from a kneeling position on both a judo mat and a 
mattress as well as from a standing position on a mattress. Hip impact forces 
and kinematic data were collected. For each condition, the highest hip impact 
forces were compared with two safety criteria based on the femoral fracture 
load and the use of a hip protector. Sideways falls from a kneeling and standing 
position met the safety criteria if performed on the mattress, but not if the falls 
from a kneeling position were performed on the judo mat. Forward falls only 
met the safety criteria if performed from a kneeling position on the mattress. 
Hence, forward falls from kneeling position on a judo mat and forward falls from 
standing position on the mattress did not meet both safety criteria. Based on 
this study the MA fall training could be expected to be safe for persons with 
osteoporosis if appropriate safety measures are taken. The safety measures 
included a number of measures. During the training persons with osteoporosis 
should wear hip protectors that could attenuate the maximum hip impact force 
by at least 65%, they should perform the fall exercises on a thick mattress, and 
they should avoid forward fall exercises from a standing position.
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In Chapter 4 the development of a multi modal falls prevention program for 
persons with osteoporosis, is described Persons with osteoporosis have an 
increased risk of fractures due to falling, because of their low bone mass density. 
Therefore, these patients are likely to benefit from participating in fall prevention 
interventions. Several falls prevention programs have been shown to be effective 
in reducing the number of fall incidents in healthy elderly individuals. However, in 
many previous falls prevention studies, persons with osteoporosis are either not 
included or no special attention is given to them. Therefore, there was an urgent 
need for a falls prevention program specifically targeting this group. The program 
described in this chapter is based on the successful falls prevention program for 
healthy elderly persons: the 'Nijmegen Falls Prevention Program' (NFPP). The 
original program consists of an obstacle course, walking exercises in a crowded 
environment and the exercise practice of fall techniques. The NFPP was adjusted 
for persons with osteoporosis to meet the specific demands and constraints 
that are related to this disease. First, the practice of fall techniques was adjusted 
to make the fall prevention program safe for persons with osteoporosis (see 
Chapter 3). In addition, new components were added to make this program more 
specific for persons with osteoporosis. The multi modal and multidisciplinary 
falls prevention program consists of educational sessions, an obstacle course, 
walking exercises in a crowded environment, the training of fall techniques, 
correction of gait abnormalities and weight-bearing exercises. The program has 
a short duration of 5.5 weeks. This NFPP for persons with osteoporosis was 
evaluated in a pilot study described in this chapter. Participants evaluated the 
program positively and reported less fear of falling after participation
In Chapter 5 the randomized controlled trial (RCT), evaluating the effect of the 
NFPP for persons with osteoporosis, is described. Persons with osteoporosis are 
at risk for fall-related fractures, because of decreased bone strength. A reduction 
in the number of falls is therefore expected to be particularly beneficial for these 
persons. Persons with osteoporosis and a history of falls were included in the 
study. After baseline assessment (M1), participants were randomly assigned to 
the exercise (n = 50) or control group (n=46). Post-treatment assessments took 
place subsequent to the program (M2) and after one year follow-up (M3). The
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exercise group participated in the NFPP for persons with osteoporosis , whereas 
the control group received usual care. The primary outcome measure was fall 
rate, prospectively with monthly fall calendars for one year. In addition, balance 
confidence (ABC-scale), quality of life (qualeffo-41) and activity level (LAPAQ, 
pedometer) were assessed at M1-3. The fall rate in the exercise group was 
39% lower compared to the control group (0.72 vs. 1.18 falls/person year, risk 
ratio: 0.61 (0.40-0.94)). Balance confidence in the exercise group increased by 
13.9%. No group differences were observed in quality of life and activity levels. 
It was concluded that the NFPP for persons with osteoporosis was effective in 
decreasing the number of falls and improving balance confidence.
In Chapter 6 a study is described that investigates whether obstacle avoidance 
ability was affected in persons with osteoporosis compared to a community 
sample of older adults. Osteoporosis is associated with changes in balance and 
physical performance and has psychosocial consequences which increase the 
risk of falling. Most falls occur during walking; therefore an efficient obstacle 
avoidance performance might contribute to a reduction in fall risk. Since it was 
shown that persons with osteoporosis are unstable during obstacle crossing, 
it was hypothesized that they hit obstacles more frequently, specifically under 
challenging conditions. Obstacle avoidance performance was measured on 
a treadmill and compared between persons with osteoporosis (n=85) and 
a comparison group (n=99). The obstacle was released at different available 
response times (ART) to create different levels of difficulty by increasing time 
pressure. Furthermore, balance confidence, measured with the short ABC- 
questionnaire, was compared between the groups. No differences were found 
between the groups in success rates on the obstacle avoidance task. In addition, 
the persons with osteoporosis had similar levels of balance confidence as the 
comparison group. The level of balance confidence was not associated with the 
performance on the obstacle avoidance task. These findings imply that persons 
with osteoporosis do not have an additional risk of falling because of poorer 
obstacle avoidance abilities.
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In Chapter 7 a study is described that explores the possible working mechanism 
of the effective NFPP for persons with osteoporosis. It was hypothesized that 
persons participating in the NFPP will learn how to avoid obstacles under 
time pressure. This improved obstacle avoidance performance was expected 
to contribute to the observed reduction of falls in the participants. Obstacle 
avoidance performance was measured on a treadmill and compared between 
the exercise (n=50) and control group (n=46) of the RCT on the NFPP for 
persons with osteoporosis (Chapter 5). Measurements took place at baseline 
(M1), subsequent to the program (M2) and after one year follow-up (M3). Both 
groups showed improvements in obstacle avoidance performance, but there 
were no between-group differences. Therefore, the positive effect of the NFPP 
for persons with osteoporosis, in terms of falls, is presumably not related to 
improved skills of avoiding obstacles under time pressure.
The aim of the study in Chapter 8 was to prospectively assess fall rate and 
determine fall risk factors in persons with RA and lower extremity problems. 
In 84 persons with RA (mean age 59.3 (SD=12.0)) falls were monitored for one 
year by means of monthly fall registration cards. A t the start of the study the 
participants completed several questionnaires to assess their potential fall risk 
factors. Based on the prospective fall registration, the group was dichotomized in 
fallers and non-fallers. Variables of the fall risk assessment, which were different 
between the groups, were entered into a logistic regression model to predict 
falls. Fall rate in this sample of persons with RA was 0.82 falls/person year. In 
comparison, healthy elderly (aged 65 years and over) show a fall incidence rate 
of approximately 0.65 falls/person year. A logistic regression model showed that 
a fall history (OR=9.8) and high pain scores (OR=4.8) were the most important 
fall risk factors for persons with RA.
In healthy elderly with a fall history a reduced ability to avoid obstacles while 
walking has been shown to be related to increased fall risk. In Chapter 9 the study 
to determine whether this potential risk factor for falls would also be present 
in persons with RA is described. Twelve persons with RA and twelve controls
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performed an obstacle avoidance task on a treadmill. The obstacle was released 
during three different phases of the gait cycle (late stance, early swing and mid 
swing) to create increasing difficulty levels. The primary outcome measure was 
failure rate. Overall, persons with RA had significantly higher obstacle avoidance 
failure rates. To avoid an obstacle a long or a short stride strategy can be used, 
the choice of which depends on the phase of obstacle release. There were no 
significant group differences in the distribution of obstacle avoidance strategies. 
However, persons with RA made significantly more failures when performing 
a short stride strategy in mid swing obstacle release trials (the condition which 
gave the participants the least time to react; the shortest available response 
time). In addition, compared to controls, the RA group approached the obstacle 
more closely prior to obstacle crossing (smaller toe distance), thereby increasing 
the risk of stumbling.
In order to better understand the etiology of falls in persons with RA, in the study 
described in Chapter 10 factors that could lead to falls in RA were investigated. To 
avoid falls, it is important to efficiently execute quick steps to maintain balance. 
Therefore, step performance was studied in these persons. Fifteen persons with 
RA and fifteen age- and sex-matched controls performed a step reaction time 
task. Furthermore, manual reaction time was assessed, and questionnaires on 
balance confidence, fear of falling and activity level were provided. The persons 
with RA showed non-significantly increased reaction time (time to anticipatory 
postural adjustment (APA) and foot lift) and significantly increased movement 
time. Push off force and step velocity were significantly lower in the persons 
with RA. During a manual reaction time task delayed reaction and movement 
time were seen. Moreover, lower levels of balance confidence and more fear 
of falling were reported in the RA group. There were no differences in activity 
levels. Because quick stepping is often used to avoid falls, the increase in step 
execution time might have undesirable consequences. Furthermore, the lower 
levels of balance confidence and the increased fear of falling are factors that are 
also known to contribute to a higher fall risk.
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Finally, in Chapter 11, the general discussion, a outline of the main findings and 
conclusions of this thesis are given, as well as limitations of these studies and 
recommendations for future research.
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Samenvatting
Vallen is een groot probleem in de gezondheidszorg met jaarlijks veel personen 
die een valincident meemaken. Deze valincidenten kunnen verstrekkende 
gevolgen hebben, zoals blessures en verminderde kwaliteit van leven. Bovendien 
zorgen ze voor hoge kosten voor de maatschappij. Daarom is de preventie van 
valincidenten erg belangrijk en zijn er verschillende valpreventieprogramma's 
ontwikkeld in het verleden. De meeste valpreventieprogramma's zijn ontwikkeld 
voor thuiswonende gezonde ouderen. Echter, sommige patiëntengroepen, 
waaronder mensen met een reumatische aandoeningen lopen meer risico 
lopen om te vallen of op valgerelateerde blessures. Deze problemen worden 
vaak onderschat en er is ook nog niet veel onderzoek gedaan naar deze 
onderwerpen. Daarom is het hoofddoel van dit proefschrift het onderzoeken 
van risicofactoren en preventieve strategieën voor vallen in personen met 
reumatische aandoeningen, specifiek mensen met osteoporose en RA.
Hoofdstuk 1 is een algemene introductie en beschrijft mogelijke redenen waarom 
mensen met reumatische aandoeningen, met name mensen met osteoporose 
en Reumatoïde Artritis (RA), meer risico lopen om te vallen. Beide aandoeningen 
zijn gerelateerd aan vallen omdat ze veranderingen in de mobiliteit veroorzaken 
zoals beperkingen in de balans en fysiek functioneren. Daarnaast lopen mensen 
met osteoporose extra risico op fracturen als gevolg van een val doordat hun 
botdichtheid verminderd is. Aan het eind van dit hoofdstuk wordt het doel van dit 
proefschrift beschreven. Het eerste doel van het proefschrift is het ontwikkelen 
en evalueren van een valpreventieprogramma voor mensen met osteoporose 
en het onderzoeken van val risicofactoren in deze doelgroep (Hoofdstuk 2-7). 
Het tweede doel is het vaststellen van de grootte van het valprobleem in mensen 
met RA en het onderzoeken van mogelijke risicofactoren die bijdragen aan deze 
valincidenten (Hoofdstuk 8-10).
In Hoofdstuk 2 werd, door middel van een systematische review, onderzocht 
welke interventies gericht op oefentherapie effectief zijn in het verminderen van 
(risicofactoren voor) vallen en fracturen in personen met een lage botdichtheid
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(osteopenie of osteoporose). Achtentwintig publicaties, gepubliceerd tussen 1996 
en juni 2008, voldeden aan de inclusie criteria. Interventies met balansoefeningen 
zijn effectief in het verminderden van valincidenten en valgerelateerde fracturen 
en verbeterden de balans in het merendeel van de studies. Spierversterkende 
oefeningen verbeterden effectief de kracht in de onderste extremiteiten en rug 
extensoren, maar niet alle RCT's rapporteerden positieve effecten. Botsterkte 
verbeterde door botbelastende aerobische oefeningen, met en zonder 
spierversterkende oefeningen, als deze oefeningen tenminste gedurende één 
jaar werden volgehouden. Uit dit review werd geconcludeerd dat oefentherapie 
effectief kan zijn in het verminderen van valincidenten, valgerelateerde fracturen 
en verschillende risico factoren om te vallen kan verminderen in personen met 
een lage botdichtheid. Interventies gericht op oefentherapie voor mensen met 
osteoporose moeten in ieder geval botbelastende activiteiten, balansoefeningen 
en spierversterkende oefeningen bevatten om het risico op vallen en fracturen 
te verlagen.
Het doel van de studie beschreven in Hoofdstuk 3 was te bepalen of valtraining, 
waarbij gebruik wordt gemaakt van judo valtechnieken, veilig is voor mensen 
met osteoporose. Osteoporose is een bewezen risicofactor voor valgerelateerde 
heupfracturen. Daarom zou het trainen van valtechnieken, zoals valtraining 
gebaseerd op oosterse vechtsporten, bruikbaar kunnen zijn om heupfracturen 
te voorkomen in deze doelgroep. Het is dan wel belangrijk dat deze technieken 
veilig zijn voor mensen met osteoporose. Vanwege veiligheidsredenen kon dit 
niet direct bepaald worden bij mensen met osteoporose, maar is de data van een 
groep jongeren gebruikt voor deze studie. Zij hebben zijwaartse en voorwaartse 
vallen uitgevoerd vanuit een knielende startpositie op zowel een judomat als 
een dikke mat, en vanuit stand op een dikke mat. De impactkrachten op de heup 
en kinematische data zijn gemeten. Voor elke conditie werd de hoogst gemeten 
impactkracht op de heup vergeleken met twee veiligheidscriteria gebaseerd op 
de faalkracht (de kracht die nodig is om bot te breken) van het proximale femur 
en het gebruik van een heupbeschermer. Zijwaartse vallen vanuit knielende en 
staande positie voldeden aan de veiligheidscriteria wanneer ze uitgevoerd werden 
op een dikke mat, maar niet als de val uit knielende positie werd uitgevoerd
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op een judomat. Voorwaartse vallen voldeden alleen aan de veiligheidscriteria 
wanneer ze werden uitgevoerd vanuit een knielende positie op een dikke mat. 
Daarentegen, voorwaarts vallen vanuit een knielende positie op een judomat en 
vanuit stand op een dikke mat voldeden niet aan de gestelde veiligheidscriteria. 
Aan de hand van dit onderzoek, werd geconcludeerd dat de valtraining veilig is 
voor mensen met osteoporose indien de juiste veiligheidsmaatregelen worden 
genomen. Deze maatregelen houden in dat tijdens de training personen met 
osteoporose heupprotectoren dragen die de maximale impactkracht op de heup 
met minstens 65% verminderen, zij moeten de valoefeningen uitvoeren op een 
dikke mat en het voorwaarts vallen vanuit stand moet vermeden worden.
In Hoofdstuk 4 wordt de ontwikkeling van een valpreventieprogramma voor 
mensen met osteoporose beschreven. Verscheidene valpreventie programma's 
zijn effectief gebleken in het verminderen van het aantal valincidenten bij 
ouderen. Maar in veel valpreventieprogramma's en in onderzoeken naar hun 
effectiviteit werden mensen met osteoporose uitgesloten van deelname of er 
werd geen speciale aandacht aan gegeven. Mensen met osteoporose lopen 
echter extra risico op valgerelateerde fracturen vanwege hun verminderde 
botdichtheid. Daarom was er een duidelijke behoefte aan een valpreventie 
programma speciaal voor deze doelgroep. Het in dit hoofdstuk beschreven 
programma is gebaseerd op het succesvolle valpreventie programma voor 
gezonde ouderen: Vallen Verleden Tijd (VVT). Dit eerdere programma bestaat uit 
een obstakelparcours, loopoefeningen en training van valtechnieken. Het VVT 
programma is aangepast voor mensen met osteoporose om het programma 
veilig te maken en om te voldoen aan hun specifieke kenmerken en beperkingen 
van deze patiëntengroep. Ten eerste is de training van valtechnieken aangepast 
om het valpreventie programma zo veilig mogelijk te maken voor mensen 
met osteoporose (zie Hoofdstuk 3). Vervolgens werden nieuwe onderdelen 
toegevoegd om het programma meer toe te spitsen op mensen met osteoporose. 
Het valpreventieprogramma bestaat uit voorlichting, een obstakelparcours, 
loopoefeningen, training van valtechnieken, botbelastende oefeningen en 
correctie van afwijkingen in het looppatroon. Dit programma is geëvalueerd in
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een pilot studie waarvan de resultaten in dit hoofdstuk worden beschreven. De 
deelnemers waren positief en rapporteerden minder valangst na deelname.
In Hoofdstuk 5 wordt de gerandomiseerde gecontroleerde studie (RCT) 
beschreven die uitgevoerd werd om de effectiviteit van het VVT programma 
voor mensen met osteoporose te onderzoeken. Mensen met osteoporose lopen 
risico op valgerelateerde fracturen vanwege hun verminderde botdichtheid. De 
verwachting is daarom dat een vermindering in het aantal valincidenten juist 
in deze doelgroep een erg positieve uitwerking kan hebben. Mensen met een 
osteoporose en een valgeschiedenis werden uitgenodigd deel te nemen aan 
het onderzoek. Na een baseline meting (M1) werden de deelnemers willekeurig 
(random) verdeeld in een oefengroep (n = 50) en controlegroep (n=46). Direct 
na de interventie werden de groepen weer gemeten (M2) en nogmaals na 
één jaar follow-up (M3). De oefengroep nam deel aan het VVT programma 
voor mensen met osteoporose (5,5 week), bij de controle groep werd tijdens 
de onderzoeksperiode geen aanvullende interventie aangeboden. De primaire 
uitkomstmaat was het aantal valincidenten. Deze werden prospectief bijgehouden 
met maandelijkse valkalenders gedurende 1 jaar. Daarnaast werd het vertrouwen 
in balans (ABC-schaal), kwaliteit van leven (Qualeffo-41) en activiteiten niveau 
(LAPAQ, stappenteller) gemeten op M1, M2 en M3. Het aantal vallen was 39% 
lager in de oefengroep in vergelijking met de controlegroep (0,72 tegen 1,18 
vallen/persoonsjaar, risk ratio: 0,61 (0,40-0,94)). Het vertrouwen in balans was 
toegenomen met 13,9% in de oefengroep. Er waren geen verschillen tussen de 
groepen wat betreft kwaliteit van leven en activiteiten niveau. Geconcludeerd 
werd dat het VVT programma voor mensen met osteoporose effectief was in het 
verminderen van het aantal valincidenten en het verbeteren van het vertrouwen 
in de balans.
Het doel van de studie die beschreven wordt in Hoofdstuk 6 was te onderzoeken 
of de vaardigheden om obstakels te ontwijken bij mensen met osteoporose 
zijn verminderd in vergelijking met een groep mensen uit de algemene oudere 
populatie. Osteoporose is gerelateerd aan veranderingen in balans en fysiek 
functioneren en het heeft psychosociale gevolgen welke zorgen voor een
188
s a m e n v a t t i n g
toename in valrisico. De meeste valincidenten gebeuren tijdens het lopen; en 
een beperking in vaardigheden om obstakels te ontwijken in deze patiëntgroep 
zou samen kunnen hangen met een verhoogd valrisico. Omdat is aangetoond 
dat mensen met osteoporose onstabiel zijn tijdens het ontwijken van obstakels 
werd de hypothese gesteld dat ze vaker een obstakel zullen raken, vooral onder 
tijdsdruk. Vaardigheden om obstakels te ontwijken werden gemeten op een 
lopende band en vergeleken tussen de personen met osteoporose (n=85) en 
de vergelijkingsgroep (n = 99). Het obstakel werd op verschillende beschikbare 
reactietijden (BRT) losgelaten om verschillende moeilijkheidsgraden in te bouwen. 
Bij een toename van de tijdsdruk neemt de moeilijkheidsgraad toe. Verder 
werd vertrouwen in balans (ABC-schaal) vergeleken tussen de twee groepen. 
Er werden geen verschillen gevonden tussen de groepen in successcore op de 
obstakel ontwijk taak. Ook hadden beide groepen vergelijkbaar vertrouwen in 
hun balans. De mate van vertrouwen in balans was niet geassocieerd met de 
prestatie op de obstakel ontwijk taak. Deze bevindingen impliceren dat mensen 
met osteoporose geen extra risico om te vallen hebben doordat ze slechter zijn 
in het ontwijken van obstakels.
In Hoofdstuk 7 wordt een studie beschreven naar een mogelijk werkings­
mechanisme van het effectieve valpreventieprogramma VVT voor mensen 
met osteoporose. De hypothese was dat betere vaardigheden om obstakels te 
ontwijken, aangeleerd tijdens de training, bijgedragen aan de waargenomen 
vermindering in het aantal valincidenten bij de deelnemers. De vaardigheden om 
obstakels te ontwijken zijn gemeten op een lopende band en vergeleken tussen 
de oefen (n = 50) en controlegroep (n=46) van de RCT naar VVT voor mensen 
met osteoporose (Hoofdstuk 5). Metingen vonden plaats bij aanvang van de 
studie (M1), direct na het programma (M2) en na één jaar follow-up (M3). Beide 
groepen hadden verbeterde vaardigheden om obstakels te ontwijken, maar er 
waren geen verschillen tussen de groepen. Daarom kan het positieve effect van 
VVT voor mensen met osteoporose, in relatie tot vallen, niet toegeschreven 
worden aan verbeterde vaardigheden om obstakels te ontwijken onder tijdsdruk.
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Het doel van de studie beschreven in Hoofdstuk 8 was het prospectief registreren 
van het aantal valincidenten en het vaststellen van risicofactoren om te vallen 
in personen met RA, die aangedaan waren in hun onderste extremiteit. Bij 84 
personen met RA (gemiddelde leeftijd 59,3 (SD = 12.0)) werd gedurende één jaar 
het aantal valincidenten bijgehouden door middel van maandelijkse valkalenders. 
Bij aanvang van de studie hebben de deelnemers een set vragenlijsten ingevuld 
om hun mogelijke risicofactoren om te vallen in kaart te brengen. Op basis van 
de prospectieve valregistratie werd de groep ingedeeld in vallers en niet-vallers. 
De variabelen uit de vragenlijsten die verschillend waren tussen deze groepen 
werden ingevoerd in een logistisch regressie model om vallen te voorspellen. 
Het aantal vallen in de personen met RA was 0,82 vallen/persoonsjaar. In 
vergelijking, gezonde ouderen (van 65 jaar en ouder) hebben een ongeveer 0,65 
vallen/persoonsjaar. Het logistisch regressie model toonde aan dat het hebben 
van een valgeschiedenis (OR=9,8) en hoge pijnscores (OR=4,8) de belangrijkste 
risicofactoren om te vallen zijn bij personen met RA.
In gezonde ouderen met een valgeschiedenis is aangetoond dat verminderde 
vaardigheden om obstakels te ontwijken tijdens het lopen gerelateerd zijn 
aan een verhoogd valrisico. Het doel van Hoofdstuk 9 was te bepalen of deze 
mogelijke risicofactor om te vallen ook aanwezig is bij personen met RA. Twaalf 
personen met RA en twaalf controle personen voerden een obstakel ontwijk 
taak uit op een lopende band. Om toenemende moeilijkheid te creëren werd het 
obstakel tijdens drie verschillende fases van de loopcyclus losgelaten (late stand 
fase, vroege zwaai fase en midden zwaai fase). De primaire uitkomstmaat was de 
foutscore (het percentage onsuccesvol ontweken obstakels). De personen met 
RA hadden significant hogere foutscores. Om een obstakel te ontwijken kan een 
lange of korte stap strategie gebruikt worden. Welke strategie het meest efficiënt 
is, is afhankelijk van de fase in de loopcyclus waarin het obstakel is losgelaten. 
Er waren geen significante verschillen tussen de groepen in de verdeling van de 
strategieën om een obstakel te ontwijken. Echter, de personen met RA maakten 
significant meer fouten wanneer ze een korte stap strategie uitvoerden tijdens de 
midden zwaai fase (de conditie met de minste beschikbare reactie tijd). Bovendien
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zetten zij in vergelijking met de controles hun voeten dichterbij het obstakel neer 
(kleinere teenafstand), waardoor het risico om te struikelen toeneemt.
Om de etiologie van vallen bij personen met RA beter te begrijpen is, in de studie 
beschreven in Hoofdstuk 10, gekeken naar factoren die tot vallen leiden in RA. 
Om vallen te voorkomen is het belangrijk om efficiënt snelle stappen uit te kunnen 
voeren om in balans te blijven. Daarom werd in deze studie vooral gekeken naar 
stap vaardigheden. Vijftien personen met RA en vijftien controle personen, van 
vergelijkbare leeftijd en geslacht, voerden een stap reactietijd taak uit. Daarnaast 
werd manuele reactietijd gemeten en werden vragenlijsten over vertrouwen in 
balans, valangst en activiteitenniveau ingevuld. De personen met RA hadden 
een niet-significante toename in stap reactietijd en een significante toename 
in bewegingstijd. De afzetkracht en stapsnelheid waren significant lager bij de 
personen met RA in vergelijking met de controles. Tijdens de manuele reactietijd 
taak werden vertraagde reactie en bewegingstijden waargenomen. Bovendien 
hadden de personen met RA minder vertrouwen in hun balans en meer valangst. 
Er waren geen verschillen tussen de groepen wat betreft het activiteitenniveau. 
Om een val te voorkomen is de mogelijkheid om snel te kunnen stappen 
belangrijk. Het feit dat de personen met RA meer tijd nodig hebben om snel een 
stap uit te kunnen voeren kan daarom ongewenste gevolgen hebben. Bovendien 
is het bekend dat minder vertrouwen in balans en meer valangst bijdragen aan 
een verhoogd valrisico.
Tenslotte wordt in Hoofdstuk 11, de algemene discussie, een overzicht gegeven 
van de belangrijkste resultaten en conclusies in dit proefschrift. Ook worden de 
beperkingen van de beschreven studies genoemd en aanbevelingen gedaan 
voor toekomstig onderzoek.
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Dankwoord
Nu bijna al het werk voltooid is en er een mooi verzameld werk voor me ligt 
is er nog één heel belangrijk ding te doen. Het plannen en uitvoeren van de 
verschillende onderzoeken is heel veel werk geweest wat ik nooit in mijn eentje 
voor elkaar had kunnen krijgen. Ik wil daarom ook erg graag de vele mensen die 
mij op verschillende manieren hebben geholpen van harte bedanken voor hun 
bijdrage.
Ten eerste wil ik mijn promotor Jaak Duysens bedanken. Jaak bedankt 
voor je fijne begeleiding bij mijn proefschrift. Je snelle, maar vooral adequate, 
reacties zorgden er elke keer voor dat ik weer een stap verder kwam. Bovendien 
heb je het ook nog voor elkaar gekregen om me ondertussen, vaak tussen de 
regels door, wat bij te brengen over de Belgische taal en cultuur. Daarom: veel 
merciekes voor de fijne samenwerking.
Ook mijn tweede promotor, Roland Laan, wil ik graag bedanken voor zijn 
hulp bij de opzet van de studie en het rekruteren van deelnemers, wat vaak een 
lastige taak bleek. Ook zorgde je er tijdens onze overlegmomenten voor dat ik 
de rode draad weer helder voor de geest had en zo verder kon met mijn werk.
Vivian Weerdesteyn, als copromotor was je nauw betrokken bij mijn 
project. Het feit dat het een vervolg was op jouw eigen promotie onderzoek 
was voor mij ook een groot voordeel. Al tijdens mijn stage heb ik gemerkt dat 
het erg fijn is om met je samen te werken en heb ik veel van je geleerd. Ik was 
dan ook erg blij dat je me vroeg om te solliciteren op de functie die geleid heeft 
tot dit proefschrift. Bedankt voor je betrokkenheid, meedenkwerk, correcties, 
statistische hulp en bovenal ook de prettige samenwerking. In vind het dan ook 
erg fijn dat onze samenwerking in mijn huidige functie voortgezet wordt.
Ook mijn andere copromotor, Wim van Lankveld, wil ik graag bedanken 
voor zijn vele hulp bij het uitvoeren van de onderzoeken en schrijven van de 
artikelen. Niet alleen op de Sint Maartenskliniek was het erg prettig om met je 
samen te werken, ook op de vele congresbezoeken die we samen hebben gedaan 
vond ik het erg fijn dat je er was. Ik kwam er daarbij achter dat je niet alleen 
inhoudelijk veel w ist maar ook een goede gids bleek te zijn in de verschillende 
mooie steden die we bezocht hebben.
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Jacques van Limbeeck wil ik graag bedanken vanwege de mogelijkheid 
dat ik mijn onderzoek onder de vlag van Research, Development & Education 
mocht starten. Daarnaast bedankt voor je adviezen en colleges met betrekking 
tot de statistiek. Bart Nienhuis, bedankt voor je steun bij het onderzoek en je 
speciale gave om computers en meetopstellingen aan de praat te krijgen, soms 
alleen al door de ruimte binnen te komen.
Later heb ik mijn onderzoek voort mogen zetten onder de hoede van de 
afdeling Reumatologie, waarvoor ik Frank van den Hoogen en Els van de Ende wil 
bedanken voor het creëren van deze mogelijkheid. Ook wil ik hen en de overige 
reumatologen bedanken voor hun feed back en de hulp bij het rekruteren van 
deelnemers.
Ook de behandelaars en planning van het ambulant reumacentrum ben 
ik zeer dankbaar. Jullie hebben altijd met veel enthousiasme de groepen gedraaid 
en ook veel tijd gestoken in het ontwikkelen van het programma en feed back 
geven over de aanpassingen. Dus, Corine, Nienke, Richard, Marij, Claudia, Leon, 
Agnes en later ook Kristel en Jenneke, super bedankt voor jullie enthousiaste 
manier van werken bij het plannen en geven van de valpreventieprogramma's. 
Hopelijk zal het programma ook in de toekomst veelvuldig door jullie gegeven 
worden.
Graag wil ik in dit dankwoord van mijn proefschrift alle mensen die 
deel hebben genomen aan de verschillende onderzoeken hartelijk bedanken. 
Zonder jullie had dit proefschrift hier nooit gelegen. Bedankt voor jullie inzet en 
medewerking, maar vooral ook voor alle mooie en gedenkwaardige momenten 
die jullie me bezorgd hebben tijdens de metingen en de uitvoering van de 
verschillende programma's.
Wat natuurlijk ook erg belangrijk is in je promotieproces zijn de 
verschillende collega's om mee te sparren, tot nieuwe ideeën te komen, 
oplossingen te bedenken, of gewoon even gezellig te ontspannen. Dus collega's 
van R,D&E en reumaresearch: super bedankt. Ook voor de vele gezellige 
dingen zoals cake van de week, 's zomers lekker eten op de trap, verschillende 
competities zoals pelotte meppen en de grote stappentest, en natuurlijk de 
verschillende kroegsporten (waar jullie allemaal hebben gemerkt hoezeer ik 
uitblink in bijv. darten en poolen...).
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Enkele collega's wil ik graag nog in het bijzonder bedanken. In 
chronologische volgorde van samenwerking zijn dat:
Hennie, bij jou is het eigenlijk allemaal begonnen voor mij op de Sint 
Maartenskliniek. Ik had een idee voor een stage en werd verteld: daarvoor moet 
je bij Hennie zijn! Dat dit goed heeft uitgepakt blijkt wel uit het feit dat ik nu bezig 
ben met het schrijven van het dankwoord voor mijn proefschrift. Dus hartstikke 
bedankt voor je hulp maar vooral ook voor je gezelligheid zoals bijvoorbeeld bij 
onze road trips voor het implementatieproject. Zelfs met af en toe wat autopech 
was het toch erg leuk om te doen! Ik hoop nog regelmatig met je samen te 
werken bij de NPi cursussen.
Brenda, voor onze onderzoeken hebben we veel samengewerkt wat 
geleid heeft tot verschillende gezamenlijke publicaties. Je was er bij tijdens mijn 
vuurdoop voor mijn eerste Engelstalige presentatie op een congres in Finland 
en hebt me daar super bij geholpen. Ook daarna kon ik altijd op je steun en 
natuurlijk ook je gezelligheid rekenen. Ook wil ik je bedanken voor je vele fijne 
en goede tips tijdens de voorbereiding op mijn promotie!
Judith, mijn roomie. Samen hebben we veel doorgemaakt, verhuizing 
naar een grotere kamer, tripjes waar draakje getuige van was, vele foute uren, 
maar ook analyses, schrijfperikelen; eigenlijk alle dingen die met onderzoek te 
maken hebben. Bedankt voor het dienen als klankbord en meedenken met de 
problemen die het doen van onderzoek met zich meebrengt. Ik ben daarom ook 
erg blij dat je tijdens de promotie als paranimf naast me zal staan.
Graag wil ik ook de twee stagiaires, Chantal en Florieke, bedanken voor 
hun bijdrage. Bedankt voor jullie prettige samenwerking en het feit dat jullie 
allebei iets moois van jullie stages gemaakt hebben, leidend tot een publicatie. 
Bij deze wil ik jullie veel succes wensen met jullie verdere carrières.
Naast de mensen waarmee ik heb samengewerkt wil ik graag ook familie 
en vrienden bedanken voor de steun in de afgelopen jaren, maar ook voor de 
nodige afleiding op zijn tijd.
Coen, Sander en Giel bedankt voor jullie begeleiding bij mijn bijna 
dagelijkse reizen naar Nijmegen.
In het bijzonder wil ik graag ons BW-fysio groepje bedanken. Samen 
hebben we beide studies doorlopen en nog steeds voelt het weer als vanouds
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als we bij elkaar zijn. Ondanks dat iedereen een ander pad in is gegaan zijn er 
nog veel overeenkomsten. Erg leuk ook dat ik nu bijvoorbeeld met zowel Lotte 
als Adrienne samenwerk. Dus Adrienne, Inge, Karin, Lotte, Mariel, Monique en 
Ilona, super bedankt voor de fijne studietijd en de voortdurende vriendschap.
Adrienne wil ik hierbij graag nog even specifiek noemen. Behalve dezelfde 
studie delen we nog veel meer, zoals je bezoek aan mij toen ik drie maanden in 
Curagao zat, en vooral niet te vergeten onze vele geslaagde bezoekjes aan Pink 
Pop. Hartstikke leuk dat ook jij me vandaag zult steunen als mijn paranimf.
Pap, Mam, jullie wil ik bedanken omdat jullie me de mogelijkheid hebben 
gegeven om te gaan studeren en me hier altijd in gesteund hebben. Ik weet 
dat jullie soms niet helemaal begrijpen waar ik toch allemaal mee bezig ben en 
waarom ik daarvoor zelfs af en toe naar het buitenland moet, maar ik hoop dat 
dit proefschrift hier wat duidelijkheid in brengt. Ook mijn broertjes Rolf en Joep 
wil ik graag benoemen in dit dankwoord.
En, last maar zeker not least, Joep. Bedankt voor eigenlijk alles. Samen 
hebben we al veel bereikt en opgebouwd en dit is weer een mooie mijlpaal in 
ons leven samen. Dank je wel voor al je liefde en steun en ook voor alle keren 
dat je me vergezeld hebt tijdens mijn werk gerelateerde reizen (niet dat je dat ook 
maar een beetje vervelend vond!). Ik hoop dat onze leven samen nog een mooie 
lange reis zal blijven.
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